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Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas      . 

(216)433-4000.   • 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 — 

Order  from: 

National  Technical  Information  Sen/ice 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-15479/TN    

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division.  P.O.  Box  8587,  BWi  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agriculture  &  Food 

0806  Natural  Gum  Finds  Many  Uses 

0807  Genes  That  Help  Wheat  Resist  The  Hessian  Fly 

0808  Genetic  Engineering  of  Certain  Pests  and  Crops 

0809  Predicting  Nematode  Damage  to  Soybeans 

0810  Shedding  Light  on  Genetics  and  Environment 

081 1  Sugar  Makes  an  Insect-Killing  Bacterial  Protein  Stay 

0812  Ripening  Gene:  Can  It  Be  Controlled 

Other  Items  of  Interest 

0907     Nutrition  Probes  For  the  90's:  Scientists  Seek  Better 
Ways  to  Score  Your  Vitamin  and  Mineral  Health 

Computers 

0813  Fault  Tree  Analysis  Application  Guide 

0814  Database  to  Help  Test  Writing  Recognition  Devices 

0815  Fast,  Capacious  Disk  memory  Device — Features 
include  high  date-transfer  rates  and  fuller  utilization 
of  the  recording  area. 

081 6  Neural-Network  Computer  Transforms  Coordi- 
nates— Complicated  transformations  can  be  learned 
from  few  examples. 

0817  Software  for  Development  of  Expert  Systems — A 
modular  software  system  helps  to  create  efficient 
artificial-intelligence  computer  programs  (Licensing 
Opportunity) 

0818  32-Bit-Wide  Memory  Tolerates  Failures — Correct 
data  are  supplied  even  if  a  whole  RAM  chip  fails. 

Other  Items  of  Interest 

0820     GaAs  Microcircuit  Characterization  and  Failure 
Analysis  Techniques:  A  Procedural  Guide 

0827     Fast,  Real-Time,  Animated  Displays — A  fourfold 
increase  in  the  update  rate  is  achieved. 

0890     Bar-Code  System  Tracks  Test  Equipment — 

Administration  of  a  complicated  system  is  speeded 
and  simplified. 

0847     Robotics  and  Intelligent  Systems  Program 

0862     Recursive  Construction  of  Jacobian  Matrix  and  its 

Time  Derivative  for  Robot  Arm — Quantities  essential 
to  linearization  of  control  feedback  are  calculated. 

0847     Robotics  and  Intelligent  Systems  Program 

0868     New  Phase  Noise  Measurement  System 

Electrotechnology 

0819  Bubble  Memory  Peripheral  Electronics 

0820  GaAs  Microcircuit  Characterization  and  Failure 
Analysis  Techniques:  A  Procedural  Guide 


0821  InP  and  Related  Semiconductors  Outperform  GaAs 
Counterparts 

0822  Navy  Invents  Dual  Polarity  Non-Volatile  MOS  Analog 
Memory  Cells 

0823  AlAs  Diffusion/Schottky  Barrier  on  GaAs — Epitaxial 
semiconductor  and  metal  contact  films  are  deposited 
without  interruption  of  vacuum. 

0824  Connection  Protocol  for  Mobile/Satellite  Communica- 
tions— Throughput  is  increased  by  better  resolution 
of  competing  simultaneous  requests  for  connections. 

0825  Circuit  Regulates  Speed  of  dc  Motor — Two  nested 
feedback  loops  maintain  speed  within  I  percent  of  a 
constant  value. 

0826  Double  Differential  Encoding  and  Detection  in 
MPSK — It  would  not  be  necessary  to  estimate 
Doppler  shifts. 

0827  Fast,  Real-Time,  Animated  Displays — A  fourfold 
increase  in  the  update  rate  is  achieved. 

0828  Fiber-Optic  Frequency-Transfer  Link — Frequency  is 
stabilized  by  phase  conjugation.  (Licensing  Opportu- 
nity) 

0829  GaAIAs  Traveling-Wave  Electro-optical 
Modulators — Microwave  signals  modulate  optical  signals  in  a 

unit  integrable  with  GaAs  and  GaAIAs  devices. 

Testing  &  Instrumentation 

0830  GTO/FET  Cascode  Three-Terminal  Switch— Neither 
external  bias  nor  energy-storage  components  are 
required. 

0831  High-Voltage  Digital-to-Analog  Converter — Resistors 
in  series  are  bypassed  by  optically  isolated  switches. 

0832  Method  for  Model-Reference  Adaptive  Control — 
Synthesis  of  signals  and  adaptation  of  parameters 
are  combined  in  a  unified  theory. 

0833  Multibeam  1.4-GHz  Pushbroom  Microwave  Radiome- 
ter— An  airborne  prototype  radiometer  exhibits  high 
spatial  resolution. 

0834  Multiple-Dynode-Layer  MicroChannel  Plate — 
Improvements  include  better  performance  and  easier 
manufacture.  (Licensing  Opportunity) 

0835  Porous-Floating-Gate  Field-Effect  Transistor — A  new 
electrically  erasable,  programmable,  analog  memory 
element  is  proposed.  (Licensing  Opportunity) 

0836  Programmable  Remapper — An  input  image  is 
remapped  rapidly  and  accurately  onto  a  different 
coordinate  grid.  (Licensing  Opportunity) 

0837  Selecting  Modulation  Indices  for  Telemetry  and 
Ranging — Undesired  signals  are  suppressed  and 
power  is  divided  optimally  among  channels. 

0838  Tunable  Ouantum-Well  Submiliimeter-Wave  Oscilla- 
tors— Frequencies  would  be  adjusted  via  applied 
voltages. 
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Electrotechnology  (Cont.) 

0839     Switching  X-Ray  Tubes  Remotely — A  convenient 

switch  and  relay  circuit  reduce  the  risk  of  accidents. 

Other  Items  of  Interest 

0858     Moving  Large  Wiring-Harness  Boards — A  rolling 

carrier  makes  the  transfer  of  heavy  boards  easy  and 
safe. 

0868     New  Phase  Noise  Measurement  System 


Energy 

0840  Sun-Powered  Chemical  Reactor  Shows  Promise  in 
Field  Tests 

0841  Reclaiming  Waste  Heat 

0842  Making  More  Efficient  Use  of  Battery-Plate  Mass — 
Conductive  fibers  and  enhanced  porosity  increase 
efficiency  and  discharge-cycle  life.  (Licensing 
Opportunity) 

Testing  &  Instrumentation 

0843  Photovoltaics  US 

Other  Items  of  Interest 

0875     Unique  Device  Detects  and  Analyzes  Emissions 

Engineering 

0844  Small  Envelope  Tube  Swaging  Tools 

0845  Catalysts  improve  Industrial  Processes 

0846  Method  of  Recovering  Adsorbed  Liquid  Compounds 
from  Molecular  Sieve  Columns 

0847  Robotics  and  Intelligent  Systems  Program 

0848  Paint  Spray  Booth  Wet-to-Dry  Conversion 

0849  ASTM  Approves  NIST  Cone  Calorimeter  as  Standard 

0850  Double-Swivel  Mechanism  for  Reliable  Release — 
This  mechanism  functions  even  if  two  out  of  three 
elements  fail.  ^^ 

0851  Automatic  Refilling  System  for  Liquid  Helium — 
Cryogenic  experiments  can  be  left  unattended  for 
days. 

0852  Improved  Analysis  of  Heat-Pulse  Data — Calculations 
of  thermal  diffusivity  and  heat  capacity  take  account 
of  exponential  pulses  and  losses  of  heat. 

0853  Heteropolar  Magnetic  Suspension — A  compact 
permanent-magnet/electromagnet  actuator  has  six 
degrees  of  freedom.  (Licensing  Opportunity) 

0854  Inertia-Wheel  Vibration-Damping  System — Known 
vibrational  modes  would  be  damped  sequentially. 
(Licensing  Opportunity) 

0855  Impact  Wire  Dislodges  Obstructions — Inaccessible 
debris  are  broken  or  shaken  loose  by  impact. 


0856  Jam-Resistant  Cutters  for  Emergency  Separation — 
Redundant  vented  pyrotechnics  yield  reliable,  clean 
cuts. 

0857  Multivariable  PID  Controller  for  Robotic  Manipula- 
tor— Gains  are  updated  during  operation  to  cope  with 
changes  in  characteristics  and  loads.  (Licensing 
Opportunity) 

0858  Moving  Large  Wiring-Harness  Boards — A  rolling 
carrier  makes  the  transfer  of  heavy  boards  easy  and 
safe. 

0859  Pressurized-Flat  Interface  Heat  Exchanger — High 
thermal  conductance  is  obtained  without  leakage 
between  loops.  (Licensing  Opportunity) 

0860  Programmable  Multizone  Furnace — Moving  thermal 
gradients  are  created  without  mechanical  motion. 

0861  Programmable  Cadence  Timer — An  electronic 
metronome  would  pace  the  users  through  a  wide 
range  of  exercise  routines. 

0862  Recursive  Construction  of  Jacobian  Matrix  and  its 
Time  Derivative  for  Robot  Arm— Quantities  essential 
to  linearization  of  control  feedback  are  calculated. 

0863  Remotely-Controlled  Variable-Orifice  Valve — 
Features  include  compactness  and  reduction  of 
perturbation 

0864  Rotary  Stirling-Cycle  Engine  and  Generator — 
Advanced  heat-engine  and  motor/generator  concepts 
are  combined. 

0865  Securing  Bearing  Races  to  Turbopump  Shafts — 
Tension  bands  would  prevent  races  from  loosening 
caused  by  differential  thermal  contraction.  (Licensing 
Opportunity) 

0866  Simulation  of  Turbulent,  Oscillating  Boundary 
Layer — Numerical  results  support  predictions  of 
simplified  theories. 

0867  Simulation  of  Unsteady,  Viscous,  Incompressible 
Flow — Results  of  computations  compare  favorably 
with  experiments. 

Testing  &  Instrumentation 

0868  New  Phase  Noise  Measurement  System 

0869  Digital  Protractors  for  Aircraft  Maintenance 

0870  Noise  Calibrations  Extended 

0871  Self-Calibrating  Respiratory-Flowmeter  Combina- 
tion— Dual  flowmeters  ensure  accuracy  over  the  full 
range  of  human  respiratory  flow  rates. 

0872  Air-Velocity  Sensor  for  Helicopter — The  speed  and 
direction  of  motion  are  measured  accurately,  even 
when  the  speed  is  low. 

Other  Items  of  Interest 

0909     A  Geolaser  for  Mapping  Planar  Geologic  Features  in 
Deep  Underground  Mines  (Licensing  Opportunity) 

091 1     PC  Database  for  Evaluating  Refrigerants  Announced 


Environmental  Science  &  Technology 

0873  Exposure  Factors  Handbook 

Testing  &  Instrumentation 

0874  Method  Allows  Quicker,  Cheaper  Analyses  of  Trace 
Elements 

0875  Unique  Device  Detects  and  Analyzes  Emissions 

0876  An  On-Line  Voltammetric  Analyzer  for  Trace  Metals 
in  Wastewater 

0877  Analyzing  Environmental  Pollutants 

Other  Items  of  Interest 

0848     Paint  Spray  Booth  Wet-to-Dry  Conversion 

0920     Measuring  Concentration  of  Ozone  Automatically — 
an  airborne  photometer  measures  absorption  of 
ultraviolet. 

Manufacturing,  Machinery  &  Tools 

0878  Assembly  System  Implementation  (AS!) 

0879  Design  and  Manufacture  of  Advanced  Thermoplastic 


0880 

0881 
0882 

0883 

0884 


Structures 

Manufacturing  Technology  for  Powder  Processed 
Blades  and  Vanes 

Soldering  System 

Gasless  Metal  Atomization  and  Spray-Forming 
Nozzle 

Machining  and  Surface  Preparation  of  Advanced 
Ceramics 


0885 


0886 


EMPF  Examines  Evaporation  Rates  and  Steam 
Aging 

Centrifugal  Barrel  Finishing  of  Turbine-Blade  'Fir 
Trees' — Residual  compressive  stresses  and  smooth 
surfaces  are  obtained  simultaneously.  (Licensing 
Opportunity) 

Etching  Electrode  Prevents  Arcs — A  wooden  part 
replaces  a  stainless-steel  part  and  works  better. 
(Licensing  Opportunity) 

0887  Spot-Welding  Gun  With  Adjustable  Pneumatic 
Spring — Controlled  force  would  be  applied  at  any 
position  within  the  stroke. 

0888  Squeezing  Salvages  Oversize  Seals — Thermal  and 
mechanical  properties  of  the  seal  material  are  used 
to  advantage. 

0889  Weld-Bead  Shaver — a  tool  produces  a  smooth  joint 
without  overcutting.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0890  Bar-Code  System  Tracks  Test  Equipment — Admini- 
stration of  a  complicated  system  is  speeded  and 
simplified. 

Calibration  for  On-Machine  Inspections — Measure- 
ments of  machined  parts  are  made  faster,  more 
convenient,  and  more  reliable. 


0891 


Other  Items  of  Interest 

0896     Modular  Veneer  Press  Dryer 

Materials 

0892  Premium  Quality  Titanium  Alloy  Disk 

0893  Study  of  Hydrogen-Assisted  Cracking  in  High- 
Strength-Steel  Welds 

0894  Improved  Anodic  Coatings  Developed 

0895  Bonding  Treated  Wood 

0896  Modular  Veneer  Press  Dryer 

0897  Anodized  6061 -T6  Aluminum 

0898  High-Temperature  Polyimide  Resin — This  material 
combines  thermo-oxidative  stability  with  autoclave 
processability 

0899  LARC-I-TPI:  a  New  Thermoplastic  Polyimide— 
Improved  properties  enhance  usability  as  an  adhe- 
sive or  in  composite  matrices.  (Licensing  Opportu- 
nity) 

0900  Reducing  Run-in  Wear  of  Ceramic-Based  Coatings — 
A  silver  surface  layer  helps  a  rough  ceramic  slide 
smoothly. 

0901  Stability  of  a  Carbon-Dioxide-Removing  Resin — 
Trimethylamine,  which  is  toxic,  is  emitted  in  small 
amounts  during  desorption. 

Testing  &  Instrumentation 

0902  Improved  Radiography  of  Wooden  Parts — Low- 
toxicity  liquid  penetrant  increases  absorption  in 
defect  regions. 

Other  Items  of  Interest 

0806     Natural  Gum  Finds  Many  Use 

0879  Design  and  Manufacture  of  Advanced  Thermoplastic 
Structures 

0880  Manufacturing  Technology  for  Powder  Processed 
Blades  and  Vanes 

0883     Machining  and  Surface  Preparation  of  Advanced 
Ceramics 

0896     Modular  Veneer  Press  Dryer 

Medicine  &  Biology 

0903  Immunocytochemistry  and  Video-Based  Imaging 
Used  to  Study  CNS  Disorders 

0904  Optical  Trap:  Important  New  Tool  For  Manipulating 
Chromosomes 

0905  New  PC  Database  on  Crystallization  of  Biological 
Molecules  Available  for  Biochemists 

0906  Hollow-Fiber  Clinostat — Cells  are  grown  in  an 
environment  that  simulates  some  of  the  effects  of 
microgravity.  (Licensing  Opportunity) 
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Medicine  &  Biology  (Cont.) 

Testing  &  Instrumentation 

0907  Nutrition  Probes  For  the  90's:  Scientists  Seek  Better 
Ways  to  Score  Your  Vitamin  and  Mineral  Health 

0908  New  Method  to  Detect  Aluminum  in  Blood  Substitute 

Other  Items  of  Interest 

0812     Ripening  Gene:  Can  It  Be  Controlled 

0861      Programmable  Cadence  Timer — An  electronic 

metronome  would  pace  the  users  through  a  wide 

range  of  exercise  routines. 

0873     Exposure  Factors  Handbook 

0913     Affinity  Electrophoresis  Using  Ligands  Attached  to 
Polymers — Polymer  molecules  enhance  electro- 
phoretic  separabilities. 

Natural  Resources  Technology  & 
Engineering 

0909  A  Geolaser  for  Mapping  Planar  Geologic  Features  in 
Deep  Underground  Mines  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0910  Seafloor  Instrument  Proves  Effective  in  Detecting 
Quakes 


Other  Items  of  Interest 

0845     Catalysts  improve  Industrial  Processes 

Method  Allows  Quicker,  Cheaper  Analyses  of  Trace 


0874 

0876 

0877 
0905 


Elements 

An  On-Line  Voltammetric  Analyzer  for  Trace  Metals 
in  Wastewater 

Analyzing  Environmental  Pollutants 

New  PC  Database  on  Crystallization  of  Biological 
Molecules  Available  for  Biochemists 


Transportation  &  Components 

0921  Compact  Analyzer/Controller  for  Oxygen-Enrichment 
System — This  system  controls  hypersonic  air- 
breathing  engine  tests. 

0922  Stochastic  Feedforward  Control  Technique — A  class 
of  commanded  trajectories  is  modeled  as  a  stochas- 
tic process. 

Other  Items  of  Interest 

0872  Air-Velocity  Sensor  for  Helicopter — The  speed  and 
direction  of  motion  are  measured  accurately,  even 
when  the  speed  is  low. 


Physical  Sciences 

091 1  PC  Database  for  Evaluating  Refrigerants  Announced 

0912  Standards  for  Low-Temperature  Superconductors 

0913  Affinity  Electrophoresis  Using  Ligands  Attached  to 
Polymers — Polymer  molecules  enhance  electro- 
phoretic  separabilities. 

0914  Compounds  Generate  Optical  Second  Harmonics — 
Large  second-order  nonlinear  susceptibilities  are 
observed.  (Licensing  Opportunity) 

0915  Improved  Design  for  Birefringent  Filter — Highly 
selective  laser  tuning  is  achieved  without  thin  plates 
of  questionable  optical  quality.  (Licensing  Opportu- 
nity) 

Software 

091 6  New  VEEL  PC  Program  Offers  Rapid  Access  to  Data 

Testing  &  Instrumentation 

0917  Device  Allows  Inexpensive  and  Quick  Measurement 
of  Magnetic  Fields 

0918  MHP-1  Barrel  Ellipsoid  Infrared  Inspection  Accessory 

0919  Photon  Scanning  Tunneling  Microscope 

0920  Measuring  Concentration  of  Ozone  Automatically — 
an  airborne  photometer  measures  absorption  of 
ultraviolet. 
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Agriculture  &  Food 


0806  Natural  Gum  Finds  Many  Uses 

0807  Genes  That  Help  Whieat  Resist  The  Hessian  Fly 

0808  Genetic  Engineering  of  Certain  Pests  and  Crops 

0809  Predicting  Nematode  Damage  to  Soybeans 

0810  Shedding  Light  on  Genetics  and  Environment 

0811  Sugar  Makes  an  Insect-Killing  Bacterial  Protein  Stay 

081 2  Ripening  Gene:  Can  It  Be  Controlled 

Other  Items  of  Interest 

0907     Nutrition  Probes  For  the  90's:  Scientists  Seek  Better  Ways  to  Score 
Your  Vitamin  and  Mineral  Health 


• 


Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Natural  Gum  Finds  Many  Uses 


What  was  once  an  undesirable  by- 
product of  sugar  processing  might  turn 
out  to  be  worth  big  bucks. 

This  byproduct,  called  levan,  is  a 
natural  gum  made  by  microorganisms 
found  in  soil  and  in  certain  plants,  such 
as  sugar  beets.   It  serves  either  as  the 
micro-organism's  food  reservoir  or  a 
natural  defense. 

Levan  may  be  used  in  printing, 
cosmetics,  sweeteners,  as  a  thickener, 
and  possibly  a  human  blood  plasma 
extender.  Agricultural  Research 
Service  scientists  have  found  and  are 
patenting  a  way  to  rapidly  produce  the 
substance  by  using  the  soil 
microorganism.  Bacillus  polymyxa. 

Youn  W.  Han,  a  microbiologist  at 
ARS'  Food  and  Feed  Processing 
Research  laboratory  in  New  Orleans, 
Louisiana,  says  that  growing  a  certain 
strain  of  fi.  polymyxa  on  a  sucrose 
solution  increases  levan  yields.  Han 
says  the  isolated  strain  of  B.  polymyxa 
produces  three  times  as  much  levan  and 
in  a  purer  form  than  other  levan- 
producing  microorganisms  tested  on  the 
sucrose  solution. 

At  least  28  soil  microorganisms 
make  levan,  he  says. 

Two  years  ago,  Han  and  co-inventor 
Margaret  A.  Clarke  of  Sugar  Processing 
Research,  Inc.,  of  New  Orleans,  began 
working  on  ways  to  diversify  the  sugar 
industry.  Competition  from  com  syrup, 
which  is  used  as  a  low-cost  sweetener. 


had  cut  into  the  sugar  industry's  market. 

"The  sugar  industry  needs  to  find 
other  valuable  products  besides  sugar," 
Han  reports. 

This  value-added  product  is  similar 
to  two  other  natural  gums  developed  by 
ARS — dextran  and  xanthan — which  are 
now  used  for  a  variety  of  industrial 
purposes,  Han  says. 

Dextran  is  made  by  Leuconostoc 
mesemeroides  and  xanthan  gum  is 
produced  by  Xanihomonas  campestris. 
Dextran  and  xanthan  gums  are  polysac- 
charides, which  are  natural  gums  that 
can  be  ingredients  in  ink,  gelatins,  and 
perfumes.  Levan  is  also  a  polysaccha- 
ride and  could  replace  certain  gums 
now  used  as  ingredients,  Han  says. 

San  Diego-based  Kelco  Co.,  a 
division  of  Merck  Co.,  of  New  Jersey, 
has  signed  a  research  and  development 
agreement  with  ARS  to  commercialize 
the  levan-production  technique  devel- 
oped by  Han  and  Clarke.  Once  a  patent 
is  granted,  Kelco  holds  first  rights  to 
license  the  technology. 

"There  are  a  lot  of  potential  uses  of 
levan,"  Han  says.   "If  properly  devel- 
oped it  may  be  useful  in  food  and  other 
industrial  applications." 

Youn  W.  Han  is  in  the  USD  A- ARS 
Food  and  Feed  Processing  Research 
Laboratory.  SRRC.  P.O.  Box  19687, 
New  Orleans,  LA  32604  (504)  286- 
4228.  ♦ 
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Genes  That  Help  Wheat  Resist  The  Hessian  Fly 


Genes  that  help  wheat  resist  the  Hessian  fly  are  being 
"planted"  in  increasing  numbers  on  a  genetic  map.   As  a 
result,  the  job  of  plant  breeders  to  find  resistant  wheat  may 
be  easier.  For  example,  ARS  and  Moroccan  scientists  for 
the  first  time  found  a  Hessian  fly  resistance  gene  on 
chromosome  2B  of  a  durum  wheat  used  in  pastas.  This 
gene  should  be  easy  to  incorporate  into  U.S.  bread  wheats. 
In  another  project,  scientists  made  a  series  of  crosses 
between  an  old  wheat  variety  and  some  wheats  that  lacked 


one  chromosome.  In  the  process,  they  found  that  only  one 
chromosome,  5D,  can  carry  the  Hessian  fly  resistance 
gene.  Because  of  such  continuing  efforts  to  pinpoint 
genetic  resistance  and  incorporate  it  into  wheat  breeding 
lines,  the  Hessian  fly  may  never  again  cost  U.S.  farmers  up 
to  $100  million  annually  in  lost  yields. 

Plant  Science  and  Entomology  Research, 

Manhattan,  KS 

Thomas  S.  CoxlJ.lI.  Halcheit,  {913}  532-726016154 
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Genetic  Engineering  of  Certain  Pests  and  Crops 


Genetic  engineering  of  certain  pests  and  crops  may  be 

one  step  closer  to  practical  use,  thanks  to  a  new  gene 
insertion  method.  It  relies  on  a  "recipe"  of  insect  eggs  or 
plant  cells,  new  genes,  salt  water  and  liny  silicon  whiskers. 
When  this  mixture  is  spun  on  a  lab  blender  known  as  a 
vortex,  the  needles  gendy  pierce  the  eggs  or  cells,  making 
tiny  holes  that  allow  the  foreign  new  genes  to  enter.  The 
technique  promises  to  enable  scientists  to  successfully  alter 
insect  eggs  or  crop  ceils  at  the  rate  of  one  per  hour  compared 


to  one  per  year  with  microinjection — the  technique  currently 
being  studied.  So  far,  its  developers  have  transferred  either 
a  test  gene  or  dye  into  fruit  flies,  house  flies,  mosquitoes  and 
non-pest  Drosophila  flies.  They  have  shared  their  technique 
with  university  scientists,  who  have  used  it  successfully  to 
place  DNA  in  citrus. 

Insects  Affecting  Man  and  Animals  Research  Lab, 

Gainesville,  FL 

Andrew  F.  Cockburn.  (904)  374-5873 
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Predicting  Nematode  Damage  to  Soybeans 


If  a  soybean  plant  gets  plenty  of 
water  and  nutrients  and  has  no  dis- 
eases, its  growth  can  be  predicted  by 
currently  available  computer  models. 
Other  models  are  available  that  can 
predict  the  growth  and  development  of 
pests  on  crop  plants. 

But  what  about  what  pests  do  to 
plants  and  what  plants  do  to  pests  as 
conditions  change  daily?  There  are 
many  dynamic  interactions  between  the 
two  that  determine  how  a  crop  will 
fare.   Predicting  how  a  crop  will  grow 
requires  understanding  those 
interactions. 

Plant  pathologist  Sally  Schneider  is 
part  of  a  five-person  team  developing 
such  a  computer  model.  Schneider, 
based  at  the  ARS  Crops  Research 
Laboratory,  Oxford,  North  Carolina,  is 
developing  a  new  soybean  cropping 
system  model  in  cooperation  with  an 
entomologist,  a  plant  modeler,  a 
nematologist,  and  a  biomathematician 
from  North  Carolina  State  University. 

"This  model  should  be  adaptable  to 
a  range  of  plants  and  soil-borne  pests — 
insects,  fungi,  or  nematodes  (micro- 
scopic worms)  since  it  calculates  the 
status  of  both  the  plants  and  pests 
throughout  the  growing  season," 
Schneider  says. 


The  new  model  is  aimed  at  predict- 
ing how  soybean  cyst  nematodes  will 
affect  soybeans  and  vice  versa.  It 
combines  a  model  for  soybean  growth, 
SOYGRO,  with  SIMCYST,  a  sub- 
model for  the  nematodes.   Other  mem- 
bers of  the  research  team  are  working 
on  weed  and  insect  submodels. 

The  nematode  submodel  uses  a 
combination  of  biology  and  mathemat- 
ics to  estimate  the  number  of  nema- 
todes by  periodically  calculating  worm 
numbers  in  each  life  stage. 

So  far  the  nematode  model  has 
successfully  predicted  nematode 
populations  observed  in  greenhouse 
and  growth  chamber  studies. 
SOYGRO  has  already  been  tested  with 
field  data.   The  combination  model  is 
expected  to  be  ready  for  field  testing 
in  a  year. 

The  result:    Scientists  and  farmers 
may  be  able  to  make  more  realistic 
predictions  of  crop  yields  and  better 
decisions  on  how  to  manage  crops. 


Sally  M.  Schneider  is  at  the  USDA- 
ARS  Crops  Research  Laboratory.  P.O. 
Bo.\  1555.  Oxford.  NC  27565  (919) 
693-5151.     ♦ 
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Shedding  Light  on  Genetics  and  Environment 


Soaking  up  rays  of  blue  light — 
that's  life  in  the  fast  lane  for  a  small 
plant  in  the  mustard  family  known  as 
mouse-ear  cress. 

If  grown  under  blue  light,  the  little 
cress  whose  Latin  name  is  Arahidopsis 
,produces  sparse  foliage,  blooms  early, 
sets  seed,  and  quickly  dries  up  and  dies. 
But  under  red  light,  life  proceeds  more 
slowly  \'oT  ArahicJopsis:  it  produces 
many  more  leaves,  blooms  later,  and 
yields  more  seed. 

Chemist  Kenneth  Eskins  at  ARS' 
Northern  Regional  Research  Center, 
Peoria,  Illinois,  studies  the  effects  that 
different  light  signals  have  on  photo- 
synthesis and  on  the  regulation  of  plant 
growth,  flowering,  and  seed  formation. 

So  far,  his  growth  chamber  studies 
on  the  Arahidopsis  plant  model,  as  well 
as  crops  such  as  spinach,  com,  and 
soybeans,  have  shown  that  light  quality 
(wavelength)  and  irradiance  level 
(intensity)  can  regulate  expression  of 
certain  genes. 

The  research  points  out  a  basic  prin- 
ciple: Even  if  all  plants  were  created 
equal,  they  wouldn't  necessarily 
express  their  genetic  potential  in  the 
same  ways.  During  their  life  cycles 
plants  have  biochemical  reactions  to 
light,  heat,  drought,  and  additional 
environmental  cues  that  influence  the 
abundance  of  seed  and  other  tissues 
they  yield,  says  Eskins. 


Further  research  on  such  genetic/ 
environmental  interactions  may  help 
genetic  engineers  and  plant  breeders 
design  crop  plants  specifically  tailored 
to  their  environments. 

Some  more  immediate  practical 
spinoffs  may  ensue.  For  example,  it 
might  be  possible  to  increase  the 
amount  of  fresh  vegetables  that  could 
be  grown  in  hydroponic  systems  by 
providing  special  wavelengths  of  light 
during  certain  plant  growth  stages. 

Increasing  efficiency  in  hydroponics 
could  lower  the  cost  of  producing 
vegetables  near  urban  centers. 

The  idea  of  artificially  lighting 
major  field  crops  is  obviously  less 
practical,  but  reflected  light  from 
mulches  might  be  put  to  good  use  on 
high-value  crops.  Experiments  led  by 
ARS  soil  scientist  Patrick  G.  Hunt  at 
Florence,  South  Carolina,  show  that 
tomatoes  mulched  with  red  plastic — 
which  reflects  all  but  red  light — pro- 
duced 20  percent  greater  yields  than 
tomatoes  mulched  with  black  plastic. 
[Agriculltirul  Research.  March  1988,  p. 
4] 


Kenneth  Eskins  is  in  USD  A- ARS 
Plant  Biochemistry  Research,  Northern 
Regional  Research  Center,  1815  North 
University  St.,  Peoria.  IL  61604  (309) 
685-4011.     ♦ 
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Sugar  Makes  an  Insect-Killing  Bacterial  Protein  Stay 


Sugar  makes  an  insect-killing  bacterial  protein  stay  on 

the  job  much  longer — instead  of  being  washed  away  by 
rain.  In  a  test  using  simulated  rainfall,  researchers  found 
that  a  sugar-starch  spray  mix  kept  the  bacterial  protein  on 
plant  foliage  up  to  19  days.  Starch  sprays  without  ilie 
sugar  flaked  or  peeled  off  within  2  to  4  days.  Further  tests 
showed  that  protein  oi  Bacillus  ihuringiensis  (Bt),  the  most 
common  natural  product  sold  as  a  biocontrol  for  farm  and 


garden  insect  pests,  remained  active  against  European  com 
borers  over  an  8-day  period.  It  killed  up  to  90  percent  of 
the  insects  when  the  starch-sugar  combo  was  used.  Without 
the  sugar  and  starch,  however,  Bt  formulations  killed  only 
20  percent  in  8  days. 

Plant  Polymer  Research,  Northern  Regional  Research 

Center,  Peoria,  IL 

Michael  R.  McGuirelBaruch  S.  Shasha,  (309)  685-4011 
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Ripening  Gene:  Can  It  Be  Controlled? 


Inside  fruits  and  vcgcuiblcs  ripening  peacefully  in  fields, 
orchards,  vineyards  and  backyard  gardens,  tiny  cell  facto- 
ries vigorously  churn  out  a  gas  known  as  ethylene. 

In  tomatoes,  apples,  cherries,  peaches  -  hundreds  of  differ- 
ent kinds  of  produce  -  ripening  is,  scientists  think,  largely 
the  work  of  this  one  compound. 

Yet  the  ethylene  that  transforms  crops  from  rock-hard  and 
inedible  into  ripe  and  ready  to  eat  also  makes  fresh  pro- 
duce perishable. 

Much  of  the  U.S.  fresh  fruit  and  vegetable  harvest  eventu- 
ally spoils,  and  some  of  that  waste  is  blamed  on  ethylene, 
according  to  plant  molecular  biologist  Athanasios  Theolo- 
gis  at  the  Agricultural  Rcsciirch  ServiceAJniver-  sity  of 
California  Plant  Gene  Expression  Center,  Albany,  Cali- 
fornia. 

"Plants  arc  zealous  about  making  ethylene,"  he  says.  And 
once  biosynthesis  of  the  colorless,  odorless  gas  starts,  it 
apparently  escalates. 

But  it  doesn't  have  to  be  like  that,  say  scientists  such  as 
Thcologis,  who  envision  the  day  when  crops  -  modified 
through  biotechnology  -  might  ripen  at  our  convenience, 

not  nature's. 

Thcologis  has  brought  molecular  biologists  a  step  closer 
to  making  that  dream  happen.  Along  with  colleague 
Takahidc  Salo,  now  at  Chiba  University,  Matsudo,  Japan, 
Thcologis  has  cloned  a  gene  that  plants  apparently  must 
have  to  manufacture  the  gas. 

Now,  if  scientists  can  use  techniques  of  modern  biotech- 
nology to  turn  down  or  turn  off  the  gene,  they  might  be 
able  to  slow  down  the  production  of  ethylene. 

Such  a  feat  is  likely  "5  to  10  yciirs  away,"  says  Thcologis. 
If  it  were  to  happen,  however,  tomorrow's  less  perishable 
produce  should  be  in  better  condition,  fresher  tasting,  and 
more  nutritious  when  it  reaches  our  supermarkets.  And 
these  genetically  engineered  fruiLs  and  vegetables  should 
be  ideal  for  export,  too.  Produce  that  today  ripens  too 
quickly  to  export  successfully  should  tomorrow  ripen 
slowly  enough  to  be  ready  to  sell  when  it  reaches  faraway 
buyers. 


Technician  Jean  Murphy  examines  tomatoes  at  different  stages 
of  ripening.    (K-3086-9) 

Once  Thcologis  and  Salo  inserted  the  newly  cloned  ACC 
synthase  gene  into  the  bacterium  and  the  yeast,  however, 
the  microorganisms  responded  by  making  ACC  from  their 
supplies  of  SAM. 

William  H.  Rottman,  a  research  geneticist  with  the  Albany 
group,  is  trying  another  tactic  to  outwit  the  enzyme.  He's 
using  a  sort  of  "slasher  RNA"  -  ribozymes  that  literally 
hack  away  at  the  natural  RNA  for  ACC  synthase.  Again, 
the  intent  is  to  keep  the  natural  RNA  from  doing  its  job. 

Another  strategy  -  the  least  developed  yet  perhaps  the 
most  promising  -  relics  on  building  an  artificial  gene. 
Through  what's  known  as  homologous  recombination, 
the  gene  would  aggressively  Like  the  place  of  the  native 
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One  tempting  destination  for  such  crops  might  be  Japan's 
Mom-and-Pop-style  produce  stands,  where  consumers 
expect  fruit  to  be  ripe  and  ready  to  eat  when  they  buy  it. 
In  another  futuristic  scenario,  fruits  and  vegetables  that 
now  have  to  be  kept  in  cold  storage  to  slow  ethylene 
formation  may  someday  be  stored  -  less  expensively  -  at 
room  temperature.  That  should  be  a  boon  for  tomatoes 
which  lose  some  of  their  flavor  when  refrigerated. 

Imagine,  too,  cut  flowers  that  last  longer.  That  could 
happen  if  they  were  genetically  engineered  to  produce  less 
of  the  ethylene  that  today  causes  them  to  wither.  Carna- 
tions, notorious  ethylene  producers,  are  among  the  flowers 
that  might  benefit  most. 

The  gene  Theologis  and  Sato  cloned  instructs  fruits  and 
vegetables  such  as  zucchini  -  the  one  they  used  in  their 
experiments  -  to  produce  a  hardworking  enzyme,  ACC 
synthase.  "In  nature,  this  enzyme  is  a  catalyst,  a  sort  of 
spark  for  one  of  the  final  steps  leading  to  ethylene  produc- 
tion," says  Theologis. 

First,  ACC  synthase  acts  on  a  compound  called  S-andeno- 
sylmenthionine  (SAM).  The  enzyme  converts  SAM  into 
1-ami-  nocyclopropane-1-carboxylic  acid  (ACC).  This, 
then,  is  converted  into  ethylene  by  an  ethylene-forming 
enzyme. 

Ethylene  is  one  of  five  powerful  hormones  that  exert 
strong  control  over  the  lives  of  green  plants.  Because  we 
are  so  dependent  on  plants,  scientists  want  to  unlock  the 
secrets  of  plants'  influential  hormones.  Cloning  a  pivotal 
gene,  such  as  the  one  for  ACC  synthase,  boosts  such  re- 
search. With  the  gene,  scientists  now  have  a  new,  tangible 
tool  they  can  use  to  learn  more  about  how  plants  make  the 
hormone. 

In  the  world  of  plant  hormone  research,  the  Albany  work 
represents  several  important  firsts.  It  is  the  first  time 
anyone  has  cloned  a  plant  gene  that  is  critical  to  ethylene 
production.  In  fact,  it  is  the  first  time  anyone  has  cloned  a 
plant  gene  vital  for  synthesis  of  any  major  plant  hormone. 

This  work  has  atu^actcd  its  share  of  skeptics.  As  one  of 
several  ways  to  help  prove  that  the  gene  they  cloned  really 
does  direct  plants  to  produce  ACC  synthase,  Theologis 
and  Sato  put  the  ripening  gene  into  laboratory  microorgan- 
isms that  don't  naturally  produce  ethylene. 

Both  the  bacterium  and  the  yeast  they  chose  have  the 
compound  S-adcnosylmc-  thionine  -  and  lots  of  it.  But 
neither  microorganism  normally  has  the  ACC  synthase- 
or  ethylene-forming  enzymes  that  it  lakes  to  convert 
SAM  into  ACC,  and  then  into  ethylene. 
ACC  synthase  gene.  The  important  difference  between 
old  gene  and  new  would  be  that  the  new  one  would  lack 


To  determine  which  genes  are  related  to  plant  ajjinj;.  plani 
molecular  biologist  Athanasios  Theologis  uses  elcclrophoresis  to 
separate  and  match  nucleotide  sequences  of  UNA  frasmenls. 
(K-3489-1) 


the  promoter  (a  piece  of  DNA  that  acts  like  an  "on"  or 
"off  switch)  needed  to  start  production  of  ACC  synthase 
for  ripening. 

Right  now,  this  approach,  called  gene  transplacement, 
"works  beautifully  in  yeast,"  says  Theologis.  "When  this 
technology  is  developed  for  plants,  it  will  be  revolution- 
ary. We'll  be  able  to  manipulate  plants'  genetic  makeup 
at  will." 

None  of  these  tactics  are  easy  to  pursue.  And,  although 
the  team  is  99  percent  certain  the  ACC  synthase  gene  they 
cloned  is  the  key  to  ethylene  formation,  some  scientists 
have  suggested  that  the  enzyme  could  exist  in  other  impor- 
tant forms,  too. 

FOR  ADDITIONAL  INFORMATION:  Athanasios 
Theologis  is  at  the  ARS-Univcrsily  of  California  Plant 
Gene  Expression  Center,  80()  Buchanan  Street,  Albany, 
CA  947 10;  (415)559-5900. 
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Fault  Tree  Analysis  Application  Guide 


In  contrast  to  most  other  analytical 
tools  available  to  reliability  practicers, 
one  of  the  most  powerful  reliability  analy- 
sis tools  is  not  documented  in  any  mili- 
tary standard.  That  tool  is  Fault  Tree 
Analysis.  Due  to  the  lack  of  a  docu- 
mented standard,  there  frequently  is 
confusion  regarding  the  detailed  meth- 
odology of  this  approach.  The  Reliabil- 
ity Analysis  Center  (RAC)  is  now  ad- 
dressing this  deficiency  with  the  release 
of  Its  latest  publication  -  Fault  Tree 
Analysis  Application  Guide. 

Following  a  thorough  discussion  of 
FTA  fundamentals,  the  guide  presents 
detailed  examples  of  three  actual  FTA's, 
in  an  extended  appendix.  Each  ex- 
ample walks  the  readerthroughthe  entire 
procession  of  construction  and  analysis, 
both  qualitative  and  quantitative,  of  the 
FTA.  Specific  steps  include:  definition 
of  the  specific  fault  tree,  initial  construc- 
tion of  the  tree,  delineation  of  the  tree's 
numerous  cut-sets,  reduction  of  these 
cut-sets  to  the  minimum  cut-sets,  and 
finally  computation  of  the  probability  of 
occurrence  for  each  of  the  failure  modes 
identified  by  the  minimum  cut-sets  and 
that  of  the  top  event. 

In  addition  the  Guide  also  addresses 
the  managerial  aspects  of  FTA.  These 
subjects  include;  selection  of  the  most 


appropriate  "Top  Event,"  the  applicable 
indenture  levels,  coordination  of  the  over- 
all effort,  fault  tree  validation,  admini- 
stration of  the  distribution  of  the  tree, 
authorization  and  supen/ision  of  tree 
modifications,  and  determination  of  the 
cost-effectiveness  of  the  FTA  procedure. 

The  Guide  also  includes  concise  ap- 
pendices on  Boolean  Algebra  and  Proba- 
bility Theory  as  they  apply  to  FTA,  ad- 
dresses FTA  tailoring  requirements  and 
cost  drivers,  and  discusses  the  choice 
between  FTA  and  FMECA/FMEA  sys- 
tem analysis  procedures.  It  concludes 
with  a  brief  look  at  some  available  PC- 
compatible  software  to  assist  in  the  FTA 
effort. 

FTA  is  available  for  ($75.00  US,  $85.00 
Non-US).  For  ordering  information  calal 
Gina  Nash  at  the  Reliability  Analysis 
Center ,  (315)  339-7047  or  1-800-526- 
4802.  Price  includes  shipping. 


For  Additional  Information,  contact: 

Reliability  Analysis  Center 
P.O.  Box  4700 
Rome,  NY  13440-8200 
(315)330-4151 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology  | 

U.S.  Department  of  Commerce.  Gaithersburg,  MP  20899 

Database  to  Help  Test  Writing  Recognition  Devices 

A  first-of-its-kind  database  containing  over  1,000,000  handprinted  ctiaracters  tias  been  developed  by  NIST  to  help 
measure  the  performance  of  systems  designed  to  read  unconstrained  handwritten  letters  and  numbers.  Banks, 
insurance  companies,  and  other  form-processing  organizations  represent  an  enormous  market  for  these  systems. 
But  such  machines  are  not  available,  largely  because  of  wide  variations  in  writing  style.  Finding  a  standardized 
way  to  measure  machine  performance  is  an  important  link  in  developing  the  technology.  To  collect  handwriting 
samples,  NIST  researchers  asked  more  than  2,000  employees  from  the  U.S.  Bureau  of  the  Census  to  fill  out  sample 
forms. 

FOR  ADDITIONAL  INFORMATION:  NIST  Special  Database  1  -  Binary  Images  of  Printed  Digits,  Alphas  and 
Text  is  available  on  an  ISO  9660  format  CD-ROM  disk  for  $895  from  the  Standard  Reference  Data  Program,  A323 
Physics  BIdg.,  NIST,  Gaithersburg,  Md.  20899;  301/975-2208. 
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Fast,  Capacious  Disk  IVIemory  Device 

Features  include  high  data-transfer  rates  and  fuller  utilization  of  the  recording  area. 


A  device  for  recording  digital  data  on, 
and  playing  back  the  data  from,  memory 
disks  hias  a  high  recording  or  playback  rate 
and  utilizes  the  available  recording  area 
more  fully  than  some  older  devices  do.  The 
underlying  concept  of  the  device  is  ap- 
plicable to  magnetic  or  optical  disks. 

As  shown  in  Figure  1,  the  device  in- 
cludes two  reading/writing  heads,  one  on 
each  of  two  disks.  (Alternatively,  two  heads 
on  opposite  sides  of  one  disk  could  be 
used.)  The  data  are  recorded  in  concentric 
tracks  on  the  disk.  The  tracks  on  one  disk 
are  numbered  starling  with  track  1  near 
the  outer  edge,  while  the  tracks  on  the 
outer  disk  are  numbered  starting  with  track 
1  at  the  inner  edge  of  the  recording  area. 
The  combined  lengths  of  the  two  tracks 
designated  by  the  given  number  is  con- 
stant, equal  to  the  combined  length  of  two 
tracks  designated  by  any  other  number  If 
the  data  are  recorded  on  all  tracks  at  the 
same  high  density  (number  of  bits  per  unit 
length  of  track),  then  the  recording  area  is 
utilized  fully  and  the  combined  capacity  of 


every  numbered  pair  of  tracks  is  a  con- 
stant. 

To  simplify  control  and  access,  the  disks 
are  turned  at  constant  speed.  This  means 
that  the  data  rate  in  each  reading/writing 
head  is  proportional  to  the  radius  of  its 
track,  and  the  sum  of  the  data  rates  in  the 
two  heads  positioned  on  any  numbered 
pair  of  tracks  is  a  constant. 

As  shown  in  Figure  2,  data  to  be  record- 
ed are  first  fed  into  a  buffer.  A  master 
oscillator  and  programmable  frequency 
synthesizers  generate  clock  signals  at  the 
appropriate  data  rates,  and  these  clock 
signals  are  used  to  transfer  the  data  from 
the  buffer  to  the  recording  circuits  at  the 
rates  appropriate  for  the  two  tracks  in  use. 
During  readout,  data  from  the  two  reading 
circuits  are  fed  into  the  buffer.  With  the  help 
of  either  timing  signals  interspersed  with 
the  data  or  clock  signals  from  the  master 
oscillator,  the  buffer  reassembles  the  data 
from  the  tracks  into  an  output  signal  con- 
taining the  sequence  of  data  recorded  pre- 
viously. Since  each  numbered  pair  of 


tracks  contains  the  same  constant  number 
of  bits,  the  data  rate  is  also  a  constant. 

If  the  number  of  tracks  on  each  disk  is 
large,  the  circuitry  necessary  to  generate 
the  correspondingly  large  number  of  re- 
cording and  playback  frequencies  can  be 
excessively  complicated.  In  that  case,  it  is 
more  practical  to  group  convenient  num- 
bers of  adjacent  tracks  together  and  use 
the  same  data  rate  on  all  tracks  within 
each  group  on  a  disk.  For  example,  on  a 
pair  of  disks  with  100  tracks  each,  tracks 
could  be  arranged  in  groups  of  10,  with  a 
combined  data  rate  of  2.9  Mbis  on  each 
numbered  pair  of  tracks.  In  this  example, 
tracks  91  through  100  would  have  a  data 
rate  of  1.0  Mb/s  on  disk  A  and  1.9  Mb/s  on 
disk  B.  On  a  disk  on  which  the  outermost 
track  has  twice  the  radius  of  the  innermost 
track,  this  arrangement  yields  a  data  rate 
95  percent  of  the  ideal  rate  and  utilizes  the 
recording  area  at  95.5  percent  of  the  ideal 
utilization. 

This  work  was  done  by  Ronald  M.  Muller 
of  Goddard  Space  Flight  Center 
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Figure  1 .  Two  Disks,  each  with  its  own  reading/writing  head,  are 
used  to  record  data  at  the  same  time.  The  head  on  disk  A  op- 
erates on  one  ot  the  tracks  numbered  from  the  outside  in:  the 
head  on  disk  B  operates  on  the  track  of  the  same  number  in  a 
sequence  from  the  mside  out. 


Figure  2.  This  Timing,  Motor-Drive,  Recording,  and  Playback 

Circuitry  is  essential  to  the  operation  of  the  fast,  high-capacity 
disk  drive. 
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This  invention  is  owned  tyy  NASA,  and        quiries  concerning  nonexclusive  or  ex-        ment  sliould  be  addressed  to  tlie  Patent       A 
a  patent  application  has  been  filed.  In-        elusive  license  for  its  commercial  develop-        Counsel,  Goddard  Space  Flight  Center 

Refer  to  GSC  13196rfN. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Neural-Network  Computer  Transforms  Coordinates 

Complicated  transformations  can  be  learned  from  few  examples. 


A  numerical  simulation  has  demonstrat- 
ed the  ability  of  a  conceptual  neural-net- 
work computer  to  generalize  what  it  has 
"learned"  from  a  few  examples.  The  ability 
to  generalize  is  achieved  with  even  a  sim- 
ple neural  network  (relatively  few  neurons) 
and  after  exposure  of  the  network  to  only  a 
few  "training"  examples. 

One  general  concept  calls  for  layers  of 
neurons,  the  collective  function  of  which 


Inputs 


Outputs 


Figure  1.  The  Three-Layer  Neural-Network 

Computer  was  simulated  in  a  test  of  its 
ability  to  "learn"  to  transform  pairs  of 
Cartesian  (x,  y)  coordinates  to  correspond- 
ing joint-angle  (6.,,  e^)  coordinates. 

Figure  2   Random  Points  on  a  Circle  in 

Cartesian  coordinates  were  mapped  into 
|omt  angles  by  the  simulated  neural  net- 
work of  Figure  1  after  "training"  tfie  net- 
work with  various  numbers  of  examples 
of  mappings.  The  ability  to  obtain  fairly 
accurate  mappings  after  only  a  few  train- 
ing examples  might  be  used  to  provide 
solutions  to  otherwise  intractable  map- 
ping problems. 
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exhibits  properties  typical  of  real  neural 
systems.  The  first  layer  is  the  input  layer, 
the  last  layer  is  the  output  layer,  and  the  in- 
termediate layers  are  called  "hidden" 
layers.  The  total  excitation  of  the/th  neuron 
in  the  nth  layer  is  given  by 

where  Un-^J  represents  the  output  of  the 
/ th  neuron  in  the  n  - 1  st  layer,  and  !„,  /, /  rep- 
resents the  strength  of  the  connection  be- 
tween the  /th  neuron  in  the  nth  layer  and 
the  /th  neuron  in  the  n  - 1  st  layer.  The  out- 
put of  the  /th  neuron  in  the  nth  layer  is  given 
by 


t7„,.  =  [1+exp(-£„^,.)] 


-1 


These  equations  describe  a  signal  as  it 
"feeds  forward"  through  the  network.  That 


is,  when  the  network  is  given  some  input,  it 
responds  with  some  output  based  on  the 
values  of  its  connections. 

Many  different  learning  rules  have  been 
developed  for  the  self-organization  of 
neural  networks.  The  rule  used  here  is  a 
modification  of  a  back-propagation  algo- 
rithm. The  difference  between  the  desired 
output  and  the  actual  output  of  a  neuron  in 
the  output  layer  for  a  given  input  to  the  net- 
work is  added  to  a  cumulative  error  signal 
that  is  used  to  reassign  the  connections  T. 
During  the  learning  phase,  these  connec- 
tions are  adjusted  so  that  the  differences 
between  the  outputs  of  the  network  and 
the  desired  outputs  are  eventually  mini- 
mized in  a  least-squares  sense. 

The  simulation  was  conducted  to  test 
the  ability  of  the  conceptual  neural  network 


to  generalize  to  obtain  a  two-degree-of- 
freedom  topological  transformation  from 
the  Cartesian  coordinates  of  the  end  of  a 
two-dimensional,  two-rotary-joint  robot 
arm  to  the  joint-angle  coordinates  of  that 
arm  (see  Rgure  1).  The  network  was  given 
a  few  "training"  examples  of  sets  of  cor- 
responding coordinates,  then  asked  to 
compute  the  joint  angles  that  correspond- 
ed to  points  not  in  the  original  training  set. 
Figure  2  shows  how  well  the  simulated  net- 
work mapped  a  set  of  random  coordinates 
on  a  circle,  for  various  numbers  of  ex- 
amples used  to  train  the  network. 

This  work  was  done  by  Gary  M.  Josin 
of  Neural  Systems,  Inc.  for  NASA's  Jet 
Propulsion  Laboratory.  MFS-17753/TN 
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Software  for  Development  of  Expert  Systems 

A  modular  software  system  helps  to  create  efficient  artificial-intelligence  computer  programs. 


The  STAR *TCX)L  system  is  a  set  of  higli- 
level  software  tools  that  assist  programers 
in  the  creation  of  efficient  knowledge-based 
(expert)  software  systems.  STAR*TOOL 
provides  the  language  and  capabilities  for 
the  compilation  of  application  programs 
written  in  the  Common  LISP  programming 
language.  Unlike  other  expert-system 
"shell"  programs,  STAR*TOOL  features 
modularity  that  enables  the  elimination  of 
unnecessary  capabilities  from  the  final  ap- 
plication program  and  thereby  achieves 
greater  computing  performance. 

The  unique  approach  of  STAR*TCOL  to 
the  creation  of  knowledge-based  systems 
is  based  in  part  on  the  use  of  sophisticated 
compiler  techniques.  STAR*TOOL  can  be 
run  on  any  computer  that  supports  Com- 
mon LISP  and  that  has  sufficient  memory. 

STAR*TOOL  provides  the  programmer 
with  the  necessary  software  tools  to  build  a 
wide  variety  of  reasoning  and  inference  en- 
gines for  such  applications  as  planning,  di- 
agnosis and  analysis,  and  simulation.  The 
high  efficiency  of  STAR*TOOL's  imple- 
mentation also  enables  the  building  of  real- 
time systems,  including  those  for  monitoring 
real-time  processes.  When  STAR*TOOL  is 
run  in  an  environment  that  supports  multi- 
ple programming  languages,  STAR*TC)OLs 
capabilities  can  be  utilized  via  local  and  re- 
mote procedure  calls  and  through  shared 
data  structures.  This  enables  portions  of 
the  application  system  to  be  developed  in 
the  most  suitable  programming  language 
and  allows  such  portions  to  be  connected 
to  the  Common  LISP  STAR*TOOL  applica- 
tion in  a  straightforward,  natural  way 

STAR* TOOL  enables  and  encourages 
the  development  of  embedded  expert  sys- 
tems. Thus,  STAR'TOOL  could  be  a  super- 
visor of  many  other  systems  written  in 
either  STAR*T00L  or  conventional  pro- 
gramming languages.  Most  of  the  software 
tools  provided  by  STAR* TOOL,  such  the 
blackboard,  memory  model,  process  mod- 
el, and  process  scheduler,  can  operate  in- 
dependently of  one  another  (see  figure). 
However,  when  operated  in  combination, 
they  form  a  fully  integrated  synergistic  set 
of  software  tools.  Since  the  user  is  able  to 
choose  only  those  portions  of  STAR*T00L 
that  are  applicable  to  a  given  application, 
the  computational  overhead  of  including 
unnecessary  excess  software  is  avoided, 


resulting  in  greater  application  efficiency 
Thus,  the  resulting  application  program 
can  run  on  a  smaller  computer  than  the 
one  on  vyhich  it  was  developed. 

When  an  application  program  is  devel- 
oped in  STAR*T00L,  STAR*T00L  first 
translates  the  program  to  Common  LISP 
code.  It  can  then  optionally  pass  the  result- 
ing Common  LISP  code  through  an  exten- 
sive source-to-source  LISP  code  optimiz- 
ing compiler  STAR*T00L  generates  code 
that  is  custom-tailored  for  each  applica- 
tion. There  are  no  intermediate  levels  of  in- 
terpretation for  execution,  unlike  many 
other  knowledge-based  system  software 
shells.  STAR*T00L  programs  are  execut- 
ed directly  by  Common  LISP  interpreter 


Major 
Subsystems  V 
of    A 
STAR'TOOL 


V^ 


Process 
Model  and 
Scheduler 


and  compiled  directly  by  Comnxin  LISP 
compiler  This  results  in  greater  speed  and 
better  portability  to  other  computers. 
STAR*T00L  builds  upon  the  Common  LISP 
programming  language  and  environment 
so  that  programs  written  in  STAR*T00L 
have  direct  use  of  all  the  features  of  the  un- 
derlying Common  LISP  software  systems 
and  computing  environment. 

A  single  line  of  STAR*T00L  code  can 
translate  into  many  lines  of  Common  LISP 
code.  To  support  ease  in  application  sys- 
tem development  and  subsequent  soft- 
ware maintenance,  all  error  messages 
generated  from  the  STAR*TC>0L  compiler 
and  run-time  environment  reference  the 
original  STAR*T00L  source  code.  In  the 
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The  STAR*TOOL  Software  System  comprises  eight  major  subsystems  that  act  in  concert  to 
produce  Common  LISP  computer  code  tailored  to  specific  applications. 
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case  of  run-time  errors,  the  resulting  Conn- 
mon  LISP  translation  is  also  referenced. 
This  work  was  done  by  Mark  L  James 
and  David  J.  Atkinson  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  Its  commercial  use  should  be  address- 


ed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

t\/lail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17536n'N. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mall  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mall  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 
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BWI  Airport,  I^D  21240;  (301)  621-0100  Ext.  241 
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32-Bit-Wide  Memory  Tolerates  Failures 

Correct  data  are  supplied  even  if  a  whole  RAM  chip  fails. 


An  electrcxiic  memory  system  of  32-bit 
words  corrects  bit  errors  caused  by  some 
common  types  of  failures  —  even  the 
failure  of  an  entire  4^Dit-wide  random-ac- 
cess-nnemory  (RAM)  chip  (one  of  eight 
such  chips  in  the  system).  Furthermore, 
the  system  detects  the  failure  of  two  such 
chips,  so  that  the  user  can  at  least  be 
warned  that  the  output  of  the  memory  may 
contain  errors. 

Circuits  to  detect  and  correct  errors  are 
usually  included  in  the  memory  subsys- 
tems of  computers  designed  for  high  relia- 
bility. By  use  of  Hamming  encoding,  a 
variety  of  commercially  available  circuits 
correct  single-bit  errors  and  detect  (but  do 
not  correct)  double-bit  errors.  Where  the 
number  of  erroneous  bits  exceeds  two, 
such  a  circuit  may  fail  to  detect  the  errors 
or  may  erroneously  alter  the  erroneous 
data  in  the  attempt  to  correct  them. 

Where  low  power,  compactness,  and 
high  performance  are  required  in  com- 


puter memories,  4-bit-wide  dynamic 
RAM's  (DRAM'S)  are  usually  the  best 
choice.  However,  common  types  of  fail- 
ures in  such  a  DRAM  can  cause  errors  in 
one,  two,  three,  or  all  four  bits.  To  over- 
come this  disadvantage,  the  new  32-bit- 
wide  memory  includes  eight  4-bit-wide 
DRAM'S  configured  so  that  each  bit  of 
each  DRAM  is  assigned  to  a  different  one 
of  four  parallel  8-bit  words.  Thus,  each 
DRAM  contributes  only  1  bit  to  each  8-bit 
word. 

Hamming  encoding  for  single-bit  cor- 
rection/double-bit detection  is  applied  to 
each  8-bit  word.  Tine  requisite  8  bit  modi- 
fied Hamming  error-correction  algorithm 
can  be  implemented  in  each  8-bit  word  by 
an  Advanced  Micro  Devices  AM2960  (or 
equivalent)  circuit.  If  an  entire  4-bit-wide 
DRAM  fails,  no  nnore  than  1  bit  in  each  84Dit 
word  is  in  error  Thus,  the  resulting  errors 
are  corrected  in  all  four  eight-bit  words, 
and  the  memory  can  still  put  out  correct 


data.  If  two  entire  4-bit-wide  DRAM's  fail, 
then  no  more  than  2  bits  in  each  8-bit  word 
are  in  error  and  the  error-detecting  circuits 
signal  that  an  error  or  errors  may  be  pre- 
sent. 

The  error-correction-and-detection 
scheme  requires  5  check  bits  for  each  S^Dit 
data  word,  so  that  a  total  of  20  check  bits  is 
required.  The  check  bits  are  stored  in  five 
4-bit-wide  DRAM's.  Each  bit  of  each  such 
DRAM  is  assigned  to  the  set  of  check  bits 
for  a  different  one  of  the  four  parallel  8-bit 
data  arrays,  in  a  manner  similar  to  that  of 
the  assignment  of  data  bits  (see  Rgure  2). 
Thus,  a  total  of  13  4-bit-wide  DRAM's  (eight 
for  data  bits  and  five  for  check  bits)  is  re- 
quired. 

777/s  work  was  done  by  Glenn  A.  Buskirk 
of  IBM  for  Johnson  Space  Center.  No  fur- 
ther docunnentatbn  is  available. 
MSC-21566nN 


-  32-eil  Dala  Word- 


1 


Figure  1 .  Data  Bits  From  Eight  4-Bit-Wide  DRAM's  are  grouped 
Into  four  parallel  8-bit  words  to  form  a  32-bit  word.  Each  8-bit 
data  word  contains  only  1  bit  from  each  DRAM. 

Figure  2  Check  Bits  From  Five  4-Bit-Wide  DRAM's  are  grouped 
into  four  5-bit  words,  one  for  each  8-bit  word  of  Figure  1.  Each 
5-bit  check  word  contains  only  1  bit  from  each  DRAM. 
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Electrotechnology 


0819  Bubble  Memory  Peripheral  Electronics 

0820  GaAs  Microcircuit  Characterization  and  Failure  Analysis  Techniques;  A 
Procedural  Guide 

0821  InP  and  Related  Semiconductors  Outpertorm  GaAs  Counterparts 

0822  Navy  Invents  Dual  Polarity  Non-Volatile  MOS  Analog  Memory  Cells 

0823  AlAs  Ditfusion/Schottky  Barrier  on  GaAs — Epitaxial  semiconductor  and 
metal  contact  tilms  are  deposited  without  interruption  of  vacuum. 

0824  Connection  Protocol  for  Mobile/Satellite  Communications — Throughput 
is  increased  by  better  resolution  of  competing  simultaneous  requests  for 
connections. 

0825  Circuit  Regulates  Speed  of  dc  Motor — Two  nested  feedback  loops 
maintain  speed  within  I  percent  of  a  constant  value. 

0826  Double  Differential  Encoding  and  Detection  in  MPSK — It  would  not  be 
necessary  to  estimate  Doppler  shifts. 

0827  Fast,  Real-Time,  Animated  Displays — A  fourfold  increase  in  the  update 
rate  is  achieved. 

0828  Fiber-Optic  Frequency-Transfer  Link — Frequency  is  stabilized  by  phase 
conjugation.  (Licensing  Opportunity) 

0829  GaAIAs  Traveling-Wave  Electro-optical  Modulators — Microwave  signals 
modulate  optical  signals  in  a  unit  integrable  with  GaAs  and  GaAIAs 
devices. 

Testing  &  Instrumentation 

0830  GTO/FET  Cascode  Three-Terminal  Switch — Neither  external  bias  nor 
energy-storage  components  are  required. 

0831  High-Voltage  Digital-to-Analog  Converter — Resistors  in  series  are 
bypassed  by  optically  isolated  switches. 

0832  Method  for  Model-Reference  Adaptive  Control — Synthesis  of  signals 
and  adaptation  of  parameters  are  combined  in  a  unified  theory. 

0833  Multibeam  1.4-GHz  Pushbroom  Microwave  Radiometer — An  airborne 
prototype  radiometer  exhibits  high  spatial  resolution. 

0834  Multiple-Dynode-Layer  MicroChannel  Plate — Improvements  include 
better  performance  and  easier  manufacture.  (Licensing  Opportunity) 

0835  Porous-Floating-Gate  Field-Effect  Transistor — A  new  electrically 
erasable,  programmable,  analog  memory  element  is  proposed. 
(Licensing  Opportunity) 

0836  Programmable  Remapper— An  input  image  is  remapped  rapidly  and 
accurately  onto  a  different  coordinate  grid.  (Licensing  Opportunity) 

0837  Selecting  Modulation  Indices  for  Telemetry  and  Ranging — Undesired 
signals  are  suppressed  and  power  is  divided  optimally  among  channels. 

0838  Tunable  Quantum-Well  Submillimeter-Wave  Oscillators — Frequencies 
would  be  adjusted  via  applied  voltages. 

0839  Switching  X-Ray  Tubes  Remotely — A  convenient  switch  and  relay  circuit 
reduce  the  risk  of  accidents. 

Ottier  Items  of  Interest 

0858     Moving  Large  Wiring-Harness  Boards — A  rolling  carrier  makes  the 

transfer  of  heavy  boards  easy  and  safe. 
0868     New  Phase  Noise  Measurement  System 
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Technology  Assessment 

U.S.  Air  Force 


Bubble  Memory  Peripheral  Electronics 


For  satellite  and  space-system  applications,  a 
reliable,  nonvolatile,  radiation-hardened  compact 
memory  is  needed,  which  is  capable  of  storing  2  to 
3  million  words  of  data.  The  size,  weight,  and  power 
of  this  memory  must  be  minimal  and  the  long-term 
reliability  must  be  exceptional. 

The  objective  of  this  three-pheise  project  is  to 
establish  a  manufacturing  capability  for  the  elec- 
tronic circuits  required  to  implement  a  radiation- 
hardened  mass  storage  (large  memory  capacity) 
system  configured  with  bubble  memory  devices  as 
the  storage  media.  Circuit  functions  will  be  parti- 
tioned into  a  radiation-hardened  monolithic  or 
hybrid  device  compatible  with  known  or  selected 
radiation-hardened  manufacturing  processes. 

In  phase  I  a  target  memory  system  descriptive 
specification  was  completed,  which  included  a  top- 
level  memory  module  design  description  specifica- 
tion and  requirements,  design,  breadboarding, 
preliminary  package  lay-out,  and  simulation  of  the 
pre-driver  and  sense  amplifier  hybrid  circuits.  In 
addition,  the  design  and  specification  were  com- 
pleted for  the  error  detection  and  correction 
(EDAC)/first-in/first-out  (FIFO)  monolithic 
application-specific  integrated  circuit  (ASIC). 


Other  tasks  completed  included  a  technical  com- 
patibility issues  study  of  4  M  bit  bubble  devices 
and  a  nuclear  environment  definition  study.  The 
nuclear  environment  study  showed  that  more  than 
99  percent  of  the  radiation  in  space  is  due  to  x-rays, 
hence  shielding  will  be  effective  but  the  endo- 
atmospheric  environment  will  be  largely  gamma 
radiation.  The  phase  I  review  was  completed  on  14 
February  1989  at  the  Science  Applications  Inter- 
national Corporation  Campus  Point  Facility  in  San 
Diego,  California. 

Work  on  phase  II,  "Manufacturing  Process 
Validation,"  began  in  February  1989,  which  em- 
phasized schematic  capture  of  the  EDAC/FIFO 
ASIC  and  preparation  of  final  lay-outs  of  the  pre- 
driver  and  sense  amplifier  hybrid  circuits. 
Preliminary  device  fabrication  has  been  completed. 
Testing  is  in  progress.  Presently,  these  devices  ex- 
hibit good  functionality.  The  phase  II  review  is 
scheduled  for  April  1990. 

Phase  III  will  demonstrate  two  areas:  1)  the 
module  manufacturing  process  by  fabrication  of  the 
chips  and  components  and  2)  the  assembly  of 
several  mass  storage  bubble  memory  demonstra- 
tion units. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Project  engineer: 
Eugene  Miller,  Air  Force  Manufacturing  Technology  Program,  ATTN:  AFWAL/MTEM,  Wright 
Patterson  AFB,  OH  45433-6533;  (513)255-2644.  Refer  to  contract  F33615-87-C-5215. 
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GaAs  MJcrocircuit  Characterization  and  Failure  Analysis 
Techniques:   A  Procedural  Guide 


The  Reliability  Analysis  Center  has  recently 
made  available  GaAs  Microcircuit  Charac- 
terization and  Failure  Analysis  Techniques  - 
A  Procedural  Guide  (MFAT-2)  which  was 
compiled  and  edited  by  Rome  Air  Devel- 
opment Center  and  the  General  Electric 
Company.  The  document  is  a  companion  to 
the  Microelectronics  Failure  Analysis 
Techniques  -  A  Procedural  Guide  (MFAT- 
1),  which  addresses  Silicon  technology. 

Together  these  documents  serve  as  useful 
tools  for  the  beginning  failure  analyst  as 
well  as  the  experienced  failure  analyst  and 
other  engineers  in  related  fields.  Both 
Silicon  and  GaAs  processes  are  addressed  in 
this  collection  of  failure  analysis  tech- 
niques. 

These  guidebooks  provide  the  failure  anal- 
yst with  a  detailed  technical  discussion  of 
each  major  failure  analysis  technique  and 
examples  or  suggestions  on  its  use. 

Both  documents  include  fundamental  elec- 


trical, chemical  or  metallurgical  explanation 
for  any  microelectronic  device  failure;  a 
summary  of  semiconductor  technology;  a 
description  of  failure  modes  technology  and 
mechanisms;  a  recommended  failure  analy- 
sis flow  sequence  and  a  description  of 
equipment  required  to  establish  a 
(1)  minimal,  (2)  intermediate  or  (3)  ad- 
vanced failure  analysis  laboratory. 

To  obtain  a  copy  of  MFAT-1  ($135  US, 
$175  Non-US),  MFAT-2  ($100  US,  $130 
Non-US),  or  the  combined  set  of  books  1 
and  2  ($200  US,  $300  Non-US)  call  Gina 
Nash  at  the  Reliability  Analysis  Center, 
(315)339-7047  or  1-800-526-4802.  Price 
includes  shipping. 


For  Additional  Information,  contact: 

Reliability  Analysis  Center 
P.O.  Box  4700 
Rome,  NY  13440-8200 
(315)330-4151 
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InP  and  Related  Semiconductors  Outperform  GaAs 
Counterparts 


Indium  phosphide  (InP)  and 
gallium  arsenide  (GaAs)  form  the 
basis  for  two  families  of  group  III-V 
semiconductor  materials  with  a  wide 
range  of  electronic  and  optoelectronic 
applications.  The  Naval  Ocean 
Systems  Center  (NOSC),  San  Diego, 
California,  completed  a  com- 
prehensive survey  of  InP  and  related 
III-V  compound  semiconductors  to 
identify  areas  where  these  materials 
could  make  an  impact  on  device 
technology. 

The  results  of  the  survey  compare 
advantages  and  disadvantages  of 
various  technologies  and  device 
developments.  Despite  the  immature 
state  of  current  InP  technology,  InP- 
based  devices  generally  outperform 
their  GaAs  counterparts  wherever 
equivalent  structures  exist.  Other 
significant  findings  were: 

•  InP  is  superior  to  GaAs  as  far  as 
electron  peak  velocity,  negative 
differential  resistance  of  the 
velocity-field  characteristics, 
electric  breakdown,  sidegating, 
radiation  hardness,  and  thermal 
conductivity  are  concerned.  This 
makes  InP  of  interest  for  power 
devices,  Gunn  diodes,  and  solar 
cells  for  space  applications. 

•  In  high-speed  applications, 
indium  gallium  arsenide 
(InGaAs)  lattice-matched  to  InP 
is  the  preferred  active  material. 


InGaAs,  however,  does  not  have 
the  high  electric  breakdown 
strength  of  InP  and  may  not  have 
the  high  resistance  to  irradiation 
and  sidegating. 

•  Semiconductor  electronics  for  the 
ne.xt  decade  will  be  dominated  by 
quantum-well  devices  and 
integrated  circuits. 

•  In  InP  technology,  techniques  for 
growing  bulk  InP  must  be 
improved. 

•  The  phenomenon  of  current  drift 
in  InP  and  InGaAs  metal- 
insulator-semiconductor 
structures  requires  prudent 
choice  of  applications  for  this 
technology. 

•  In  fiber-optic  applications,  the 
combination  of  the  high  speed  of 
InP-based  electronic  devices  with 
the  transparency  of  InP  at  these 
wavelengths  promises  superior 
monolithic  optoelectronic 
integrated  circuits  compared  to 
GaAs. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150102/TN 
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Navy  Invents  Dual  Polarity  Non-Volatile  MOS  Analog 
Memory  Cells 


The  present  invention,  developed 
by  a  scientist  at  the  Naval  Ocean 
Systems  Center  (NOSC),  San  Diego, 
California,  enables  both  positive  and 
negative  analog  values  to  be  stored 
and  modified  in  a  non-volatile 
memory  cell.  This  technology  can  be 
used  in  scientific,  technical,  medical, 
and  robotics  applications. 

One  of  the  objectives  of  the 
invention  is  to  provide  an  integrated 
circuit  element  permitting  long-term 
storage  of  analog  information 
without  the  need  for  electrical  power 
during  the  storage  period.  Another 
objective  is  to  be  able  to  increase  or 
decrease  the  information  without 
first  reading  the  analog  value  stored 
in  the  device. 


An  important  potential 
application  of  the  invention  is  in  the 
implementation  of  neural  networks, 
where  it  could  be  used  to  store  the 
relative  connection  strengths 
between  processing  units.  Neural 
networks  attempt  to  perform 
computational  tasks  in  a  manner 
similar  to  the  brain. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)663-8921 

Refer  to  150103/TN 


( 


< 


.    i 


822 


rVJASATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


AlAs  Diffusion/Schottky  Barrier  on  GaAs 

Epitaxial  semiconductor  and  metal  contact  films  are  deposited  without  interruption  of  vacuum. 


An  ultrathin  epitaxial  film  of  AlAs  can  be 
deposited  on  a  GaAs  substrate  to  serve  as 
a  Schottky  barrier  and/or  as  a  barrier  to  dif- 
fusion. This  barrier  film  is  deposited  without 
interrupting  the  processing  vacuum  in 
which  the  substrate  was  deposited  and  in 
which  any  subsequent  layers  are  to  be  de- 
posited. 

Rectifying  metal/semiconductor  con- 
tacts, which  are  Schottky  barriers,  are 
essential  to  most  electronic  devices  based 
on  GaAs.  Because  suchi  devices  are  sensi- 
tive to  contamination  and  handling  during 
fabrication,  epitaxial  growth  techniques 
(e.g.,  molecular-beam  epitaxy)  compatible 
with  ultrahigh  vacuum  are  preferred.  Un- 
fortunately, when  gold  (the  contact  metal  of 
choice)  is  deposited  directly  on  an  epitaxial 
GaAs  film,  the  gold  and  GaAs  interdiftuse, 
causing  the  contact  to  become  ohmic  in- 
stead of  rectifying.  Diffusion  can  be  pre- 
vented by  exposing  the  substrate  to  air  be- 
fore depositing  the  gold,  but  this  subjects 
the  substrate  to  corrosion,  contamination, 
and  the  risk  of  breakage. 

In  the  new  technique,  the  epitaxial  film 
of  AlAs  is  deposited  directly  on  the  GaAs 
substrate  to  a  depth  of  only  two  atomic 
layers  —  less  than  1  nm  thick.  The  film  is 
thin  enough  so  that  it  does  not  constitute 
an  electronic  barrier,  but  thick  enough  so 
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Voltage,  Arbitrary  Units 

The  Measured  Current-vs.-Voltage  cun/e  of 
the  contact  deposited  with  the  AlAs  barrier 
indicates  the  presence  of  a  Schottky  barrier 
0.85  V  high.  The  straight  current-vs.-voltage 
line  of  a  similar  contact  deposited  without 
the  AlAs  barrier  indicates  that  this  contact 
is  ohmic. 

that  it  is  expected  to  act  as  a  barrier  to  the 
interdiffusion  of  gold  and  GaAs.  Such  a  film 
might  also  be  used  as  a  barrier  to  the  inter- 
diffusion of  dopants  at  heterojunctions. 

In  a  demonstration,  a  substrate  of  GaAs 
1  ^^m  thick  was  grown  by  molecular-beam 
epitaxy.  Without  interruption  of  the  vac- 


uum, the  two-monolayer  AlAs  film  was  de- 
posited on  the  GaAs.  The  specimen  was 
transferred  under  ultrahigh  vacuum  to  a 
metallization  chamber,  where  a  gold  dot  10 
nm  thick  was  deposited  from  a  filament. 
The  specimen  was  then  removed  from  the 
chamber. 

The  current-vs.-voltage  curve  of  the 
contact  showed  the  desired  rectifying  be- 
havior (see  figure).  The  height  of  the  barrier, 
as  deduced  from  this  curve,  is  characteris- 
tic of  GaAs.  This  indicates  that,  as  ex- 
pected, the  AlAs  film  is  too  thin  to  affect  the 
transport  of  electrons  significantly  By  use 
of  ballistic-electron-emission  microscopy, 
it  was  found  that  the  spatial  uniformity  of 

This  work  was  done  by  William  J. 
Kaiser.  Frank  J.  Grunthaner.  L  Douglas 
Bell,  and  Michael  H.  Hecht  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-51 7, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
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Connection  Protocol  for  Mobile/Satellite  Communications 

Throughput  is  increased  by  better  resolution  of  competing 
simultaneous  requests  for  connections. 


An  improved  protocol  sorts  out  simultan- 
eous competing  requests  by  message-origi- 
nating stations  for  connection  to  the  satellite 
transmission  link  of  a  land-mobile/satellite 
digital  communication  system.  The  proto- 
col applies  to  a  multiple-channel  packet- 
message  system  with  synchronous  time- 
slots  on  all  channels.  During  each  timeslot 
it  is  possible  to  transmit  only  one  packet  of 
data  on  each  channel.  Simultaneous  re- 
quests from  two  or  more  originating  sta- 
tions for  connection  to  the  transmission 
medium  can  result  in  "collisions"  between 
packets  on  a  channel.  The  problem  in  de- 
vising a  protocol  is  to  resolve  such  colli- 
sions in  a  manner  that  is  stable,  prevents 
deadlocks,  and  provides  for  efficient  utili- 
zation of  channels  and  timeslots. 

The  communication  system  has  0  chan- 
nels. Transmissions  of  packets  are  allowed 
to  begin  only  at  the  beginnings  of  the  time- 
slots.  The  system  provides,  to  all  users, 
binary  feedback  information  on  the  state  of 
the  channel  —  namely,  whether  or  not 
there  is  a  collision  —  during  each  timeslot. 
When  the  round-trip  propagation  delay  is 
negligible  in  comparison  with  the  packet- 
transmission  time,  the  feedback  informa- 
tion is  known  to  the  users  immediately  at 
the  end  of  each  timeslot. 

Then  the  protocol  is  as  follows: 
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The  New  Collision-Resolution  Protocol  re- 
sults in  decreased  delay  and  increased 
throughput. 


1 .  An  attempt  is  made  to  transmit  a  new 
packet  immediately  at  the  start  of  the  first 
timeslot  that  follows  its  arrival  by  indepen- 
dently selecting  one  of  the  0  channels 
with  probability  1/0. 

2.  Collisions  in  the  channels  during  a  time- 
slot  are  resolved  on  a  channel-by-channel 
basis.  That  is,  the  collisions  (if  any)  in 
channel  1  during  that  timeslot  are  re- 
solved first,  followed  by  the  collisions  (if 
any)  in  channel  2  during  that  timeslot,  and 
soon. 

3.  The  next  attempt  to  transmit  the  packets 


that  collide  in  channel  /will  be  made  dur- 
ing a  timeslot  in  which  all  collisions  in 
channels  1  through  /  - 1  shall  have  been 
resolved.  This  attempt  will  be  made  by  in- 
dependently selecting  one  of  the  0  chan- 
nels with  probability  0.  When  the  round- 
trip  propagation  delay  is  equal  to  d  slots, 
the  feedback  information  is  known  to  the 
user  d  + 1  slots  later  In  this  case,  cf  + 1  in- 
terleaved copies  of  the  above  protocol 
are  employed. 

The  throughput  performance  of  the  new 
protocol  was  derived  analytically  and  the 
delay  performance  obtained  by  computer 
simulations,  assuming  an  infinite  number 
of  users  and  a  Poisson  distribution  of  ar- 
rival times  of  packets  at  a  rate  of  A  packets 
per  timeslot.  As  measured  in  terms  of  the 
average  delay  per  packet  necessitated  by 
retransmission  of  colliding  packets  in  a 
three-channel  system,  the  new  protocol  is 
superior  to  a  previous  collision-resolution 
protocol  (see  figure).  The  maximum  stable 
throughput  of  the  new  protocol  is  0.402 
packets  per  channel  per  timeslot,  while 
that  of  the  older  protocol  is  0.368  packets 
per  channel  per  timeslot. 

This  work  was  done  by  Harry  H.  Tan  and 
Tsun-Yee  Yan  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-ITYSSnN 
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Circuit  Regulates  Speed  of  dc  Motor 

Two  nested  feedback  loops  maintain  speed  within  1  percent  of  a  constant  value. 


Figure  1    Two  Nested  Feedback  Loops 

regulate  the  speed  of  a  motor.  The  inner 
loop  provides  coarse  regulation,  while  the 
outer  loop  removes  most  of  the  variation 
m  speed  that  remains  in  the  presence  of 
regulation  by  the  inner  loop. 

A  driving  circuit  regulates  the  speed  of  a 
small  dc  permanent-magnet  motor  in  a 
tape  recorder  The  circuit  (see  Figure  1 ),  in- 
tended for  use  where  the  motor  is  not 
equipped  with  a  tachometer  and  more-ela- 
borate speed-controlling  measures  are  not 
justified,  maintains  the  speed  of  the  motor 
within  1  percent  of  a  constant  value. 

As  shown  in  more  detail  in  Figure  2,  ana- 
log circuits  in  feedback  loops  1  and  2  cal- 
culate the  speed  of  the  motor  and  com- 
pare it  with  the  desired  speed.to  obtain  the 
speed  error  The  error  signal  is  then  used  to 
adjust  the  current  fed  to  the  motor  In  loop 
1 ,  W .,  and  f?2  constitute  a  voltage  divider  be- 
tween V^n^nd  Vqui.  and  the  resulting  divided 
voltage  is  applied  to  the  positive  input  of  the 
operational  amplifier  Similarly,  flg  and  fl^n 
constitute  a  voltage  divider  between  Vemf 
(the  counterelectromotive  force  of  the 
motor)  and  Vout,  and  the  resulting  divided 
voltage  is  applied  to  the  negative  input  of 
the  operational  amplifier  When  flj  is  prop- 
erly adjusted,  fl^/ffg  =  ^s'^m^  a^d  Vemt  is 
forced  to  equal  V^^,.  However,  \4mf  is  direct- 
ly proportional  to  the  speed  of  the  motor 
Therefore,  the  speed  is  made  directly  pro- 
portional to  V^^.  Furthermore,  the  circuit 
would  be  expected  to  smooth  out  varia- 
tions in  the  speed  by  negative  feedback 
from  the  motor  through  R^  and  R^  to  the 
negative  input  of  the  operational  amplifier 

In  practice,  the  circuit  of  inner  loop  per- 
mits some  residual  variation  in  speed,  ne- 
cessitating the  addition  of  loop  2.  In  this 
loop,  the  voltage  at  A  is  proportional  to  the 
current  through  the  1-Q  resistor  and  the 
constant  of  proportionality  is  chosen  so 
that  this  voltage  is  numerically  equal  to  the 
instantaneous  voltage  drop  across  the 
motor  resistance,  R^.  when  the  motor  is 
running.  The  voltage  at  B  is  proportional  to 
the  difference  between  the  motor-terminal 
voltage  and  the  voltage  computed  at  A. 
This  difference  equals  Vemf,  which  is  direct- 
ly proportional  to  the  instantaneous  speed 
of  the  motor  Thus,  the  voltage  at  B  is  pro- 
portional to  the  speed  of  the  motor  Be- 
cause, in  practice,  the  voltage  at  B  has 
large  negative  spikes  that  increase  the  var- 
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=  Measured  Speed 
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Figure  2.  The  Motor-Driving  Circuit  compares  the  speed  of  the  motor  (as  manifested  in  a 
voltage)  with  a  commanded  speed  (as  expressed  in  a  command  voltage,  -  V^^^^)  and  ad- 
justs the  current  supplied  to  the  motor  accordingly. 


iations  in  speed,  a  peak-holding  circuit  is 
added.  This  makes  the  voltage  at  C  a 
smooth  analog  of  the  speed. 

This  voltage  is  applied  as  input  to  an  in- 
tegrator and  summer "  -  Vgoeed'  is  propor- 


tional to  the  commanded  speed  and  has  to 
be  negative  because  the  voltage  at  point  C 
is  positive  and  the  loop  acts  to  null  out  the 
voltage  at  the  summing  point. 

It  is  necessary  to  set  the  lOO-kS2  poten- 
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tiometer  for  the  best  stability  of  the  loops. 
This  is  done  by  monitoring  the  "test"  point 
while  adjusting  this  potentiometer.  The  op- 
timum setting  is  on  the  edge  between  sta- 
bility and  instability,  but  it  should  be  set  a  lit- 
tle into  the  range  of  stability  away  from  the 
edge  to  protect  against  drift  in  the  values  of 


components. 

It  is  necessary  to  pick  the  exact  value  of 
the  series  current-sampling  resistor  labeled 
as  1  Q.  This  resistor  is  wound  from  copper 
w/ire  and  is  picked  to  be  as  close  as  prac- 
tical to  one-twentieth  of  the  stalled-nnotor 
resistance,  fl„.  This  special  resistor  com- 


pensates for  variations  in  fl^  caused  by 
changes  in  temperature. 

This  work  was  done  by  Charles 
Weaver,  Robin  Padden,  and  Floyd  A. 
Brown,  Jr.,  of  SRI  International  for 
Johnson  Space  Center.  MSC-21345/TN 
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Double  Differential  Encoding  and  Detection  in  MPSK 

It  would  not  be  necessary  to  estimate  Doppler  shifts. 


A  proposecj  communication  system 
based  on  multiple-phase-shift-l<eying 
(MPSK)  modulation  would  include  a  double 
differential  encoder  in  the  transmitter  and 
a  double  differential  detector  in  the  re- 
ceiver. The  overall  effect  of  the  double- 
differential  scheme  would  be  to  cancel  the 
effect  of  the  Doppler  shift  on  the  modula- 
tion in  the  received  signal.  It  would  not  be 
necessary  to  estimate  the  Doppler  shift  to 
correct  for  it  —  an  imporlant  advantage 
where  the  Doppler  shift  is  unknown  or  is 
changing  rapidly. 

In  the  transmitter  (see  Figure  1),  the 
baseband  sinusoid  s{t)  with  the  original 
phase  modulation  <K0  (where  t  =  time) 
would  first  be  differentially  encoded  with 
delay  7"  (where  7"  =  one  symbol  period)  to 
obtain  a  signal  5,(0  with  phase  modulation 
e^{t)  =  e/f  -T)  +  ^t).  Ttiis  signal  would  be 
further  differentially  encoded  with  delay  27 
to  obtain  the  transmitted  baseband  signal, 
which  would  have  phase  modulation 


02(0  =  92(r-27)  +  0i(f) 
(see  Figure  1). 

At  the  receiver,  the  incoming  baseband 
signal  would  be  of  the  form 

x(0  =  P(t)exp}i[d2{t)  +  co^t  +  rit)]} 
where  P(f)  =  the  amplitude  of  the  received 
signal  plus  noise,  cu^  =  the  Doppler  shift  in 
angular  frequency,  and  rit)  =  the  phase 
noise.  This  signal  would  first  be  differential- 
ly detected  with  delay  2 7"  to  obtain  x,(f),  in 
which  the  Doppler  component  of  the 
phase  would  be  "frozen"  at  2(jo^T  (see 
Figure  2).  Signal  x^{t)  would  then  be  further 
differentially  detected  with  delay  7"  to 
remove  the  "frozen"  Doppler  component 
and  recover  the  original  phase  mcxiulation 
<t'(0-  Specifically,  the  phase  of  the  double- 
differentially  detected  signal  x^t)  would  be 
<t>(0  +  c5r?(f),  where  6r]{t)  is  the  double- 
differential  phase  noise 

n{t)-ri{t-2T)-n{t-T)  +  rit-3T) 


The  decision  regarding  the  received  phase 
modulation  ^t)  would  be  made  in  the  tradi- 
tional manner  for  IvIPSK.  The  system  would 
work  as  described  as  long  as  the  Doppler 
component  of  phase  would  not  vary  ap- 
preciably during  at  least  4T. 

The  double-differential  scheme  corrects 
for  a  phase  error  that  has  a  first  derivative 
(only)  with  respect  to  time.  It  could  be 
generalized  to  a  multiple-differential 
scheme  to  correct  for  the  rate  of  change  of 
the  Doppler  frequency  shift  and  other 
higher-order  derivatives.  In  general,  the 
output  of  the  Wh  differential  detector  would 
be  free  of  the  first  /<■  derivatives  of  the  phase 
error. 

This  work  was  done  by  D.  Divsalar  and 
M.  K.  Simon  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  NPO-170666/TN 


Figure  1.  The  Double  Differential  Encoder  in  the  transmitter 
woulid  generate  a  phase-mo(Julated  signal  suitable  for  (jeco(jing 
and  detection  by  the  subsystem  illustrated  in  Figure  2.  The  base- 
band signals  at  three  stages  of  the  encoding  process  are 
represented  in  complex-number  form. 
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Figure  2.  Double  Differential  Detector  would  remove  the  Dop- 
pler-frequency  component  from  a  noisy,  Doppler-shifted  signal 
that  had  been  encoded  in  a  subsystem  like  that  shown  in  Figure 
1,  The  asterisk  near  each  multiplier  symbol  denotes  multiplica- 
tion by  the  complex  conjugate  of  one  of  its  input  signals. 
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Fast,  Real-Time,  Animated  Displays 

A  fourfold  increase  in  the  update  rate  is  achieved. 


ITie  realistic  simulation  of  the  environ- 
ment of  an  aircraft  cockpit  in  a  flight  sim- 
ulator requires  dynamic  instrument-panel 
displays  that  provide  flight  information  to 
the  pilot.  These  displays,  consisting  of 
dynamic  lines,  polygons,  and  alphanumer- 
ic characters,  must  have  an  animation- 
update  rate  sufficiently  high  to  provide  a 
realistic  simulation  of  actual  flight  displays. 

The  displays  for  the  Advanced  Con- 
cepts Simulator  (ACS)  at  the  NASA  Langley 
Research  Center  are  generated  on  the 
Adage  Raster  Display  System  3000  (RDS 
3000).  Originally  the  display  programs 
were  written  by  use  of  straightfonward 
sequential  programming  techniques  in 
the  IKONAS  Display  Language  (IDL2). 
("IKONAS"  was  the  former  designation  of 
the  RDS  3000.)  The  resulting  animation- 
update  rate  of  4  frames  per  second  for  the 
primary  flight  displays  was  insufficient  to 
provide  a  realistic  simulation. 

To  remedy  this  deficiency  an  extensive 
study  of  the  programming  techniques,  lan- 
guage implementations,  and  hardware 
characteristics  was  carried  out.  Improved 
programming  techniques  were  developed, 
and  revisions  to  the  language  implementa- 
tion were  made.  Both  types  of  changes 
took  better  advantage  of  the  high-speed 
characteristics  of  the  RDS  3000  hardware. 

Each  of  the  three  processors  (see  fig- 
ure) in  the  RDS  3000  is  designed  to  per- 
form certain  specialized  tasks.  The  main 
processor,  the  Bipolar  Processor  System 
(BPS),  is  the  master  processor  of  the  sys- 
tem and  is  normally  used  to  draw  lines,  pol- 
ygons, and  characters,  as  well  as  to  per- 
form system-control  functions.  The  Matrix 
Multiplier  (MA1024)  is  a  slave  processor 
that  is  designed  to  perform  coordinate-axis 
transformations  at  high  speed.  The  Aux- 
iliary Graphics  Generator  (AGG4)  is  a  sec- 
ond slave  processor  that  can  be  used  to 
draw  characters  at  a  rate  higher  than  that 
of  the  BPS. 

Increases  in  speed  have  been  achieved 
primarily  by  operating  the  processors  and 
certain  hardware  functions,  such  as  "bit- 
map erase,"  in  parallel  with  each  other 
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The  Special-Purpose  Parallel  Processor  enables  the  rapid  generation  of  characters. 


whenever  possible  and  by  revising  the  mi- 
crocode of  the  system.  The  revisions  of  the 
microcode  focused  mainly  on  increasing 
the  speed  of  generation  of  characters.  The 
increases  in  speed  resulted  from  (1 )  utiliza- 
tion of  the  parallel-processing  capabilities 
of  the  AGG4  and  (2)  use  of  the  AGG4  to 
take  advantage  of  certain  high-speed 
characteristics  of  the  display  memory  that 
were  not  previously  used.  The  result  was  a 
fourfold  increase  in  the  animation-update 
rate  to  16  frames  per  second. 

This  work  was  done  by  William  M. 
Kahlbaum  and  Katrina  Ownbey  of  Langley 


Research  Center.  Further  information 
may  be  found  in  NASA  TI^-4095.  [N89- 
19899],  Price  Code:  A03  ' ■High-Speed, 
Real-Time,  Animated  Displays  on  the 
ADAGE'  RDS  3000  Raster  Graphics 
System." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LAR-14140/TN 
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Fiber-Optic  Frequency-Transfer  Link 

Frequency  is  stabilized  by  phase  conjugation. 


A  system  for  tine  distribution  of  a  100- 
MHz  reference  signal  features  transmis- 
sion througtn  optical  fiber  to  a  station  22  km 
away  and  stabilization  of  frequency  by  the 
radiofrequency  phiase-conjugation  meth- 
od. The  system  compensates  for  varia- 
tions in  phase  (caused  mostly  by  changes 
in  temperature  along  the  optical  fiber)  of 
the  signal  arriving  at  the  remote  station.  In 
preliminary  tests,  a  "breadboard"  version 
reduced  the  phase  variations  caused  by 
temperature  changes  of  20  °C  by  a  factor 
of  45.  The  goal  for  the  fully  developed  sys- 
tem is  to  maintain  a  stability  of  1  part  in  10''^ 
during  a  1,000-second  averaging  time. 

In  this  system,  the  100-MHz  signal  is 
transmitted  as  modulation  of  an  optical 
signal.  Part  of  the  signal  arriving  at  the  re- 
mote station  is  reflected  back  to  the  refer- 
ence station  (see  Figure  1).  The  100-MHz 
signal  undergoes  a  phase  delay  0.,  during 
transmission  through  the  cable.  The  prob- 
lem is  to  make  the  phase  6^  of  the 
100-MHz  signal  at  the  remote  station  equal 
the  phase  9q  of  the  reference  100-MHz 
signal  by  advancing  the  phase  of  the  trans- 
mitted signal  to  compensate  for  the  phase 
delay  in  the  fiber.  In  the  phase-conjugation 
method,  this  is  done  by  measuring  the 
phase  df  of  the  transmitted  100-MHz  signal 
and  e^of  the  return  100-MHz  signal  and  ad- 
justing 0,  until  (9, -f0^)/2  =  0Q. 

The  system  is  shown  schematically  in 
Figure  2.  The  reference  station  includes  a 
phase  conjugator,  a  fiber-optical  transmit- 
ter, a  fiber-optical  receiver,  a  phase-locked 
loop  (PLL),  and  a  fiber-optical  coupler.  A 
synthesizer  supplies  a  100-MHz  signal  and 
a  20-MHz  signal  to  the  first  mixer,  which 
multiplies  these  signals  to  produce  80-MHz 
and  120-MHz  signals.  The  first  power  split- 
ter separates  the  signal  out  of  the  mixer  in- 
to two  signal  paths.  A  filter  in  each  signal 
path  passes  only  one  frequency  so  that 
120  MHz  is  the  output  from  one  signal  path 
and  80  MHz  is  the  output  from  the  other 
signal  path. 

The  second  mixer  multiplies  the  80-MHz 
signal  and  the  100-MHz  signal  from  the 
voltage-controlled  oscillator  (VCO)  to  pro- 
duce a  20-MHz  intermediate-frequency 
(IF)  signal,  which  contains  the  instan- 
taneous difference  in  phase  between  the 
VCO  signal  and  the  80-MHz  reference. 
Similarly  the  third  mixer  multiples  the  120- 
MHz  signal  and  the  100-MHz  signal  com- 
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Figure  1.  Stabilization  by  Phase  Conjugation  involves  the  measurement  and  control  of  the 
phases  of  the  transmitted  and  reflected  signals  at  the  reference  station  to  obtain  the  refer- 
ence phase  at  the  remote  station. 
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Figure  2.  The  Phase  Conjugator  compares  the  phase  9,  at  the  transmitter  and  6^  at  the 
receiver  and  uses  a  voltage-controlled  oscillator  to  maintain  the  phase  at  the  remote  station 
as  close  as  possible  to  the  reference  phase  9^. 

A9R 


ing  from  the  remote  unit  to  produce 
another  20-MHz  IF  signal,  which  coritains 
the  instantaneous  difference  in  phase  tDe- 
tween  the  100-MHz  return  signal  and  the 
120-MHz  reference  signal. 

The  phase  detector  receives  the  two 
20-MHz  IF  signals  and  produces  a  voltage 
proportional  to  the  difference  in  phase  be- 
tween them.  The  voltage  is  applied  to  the 
VCO  error  input  through  the  inner  loop  filter 
(ILF).  Changes  in  the  delay  in  the  optical  fi- 
ber result  in  changes  in  the  control  voltage. 
This  voltage  thus  controls  the  phase  of  the 
VCO  relative  to  the  original  100-MHz  refer- 
ence signal.  The  second  power  splitter 
divides  the  output  of  the  VCO  into  two  sig- 
nals. The  second  mixer  receives  one  of  the 
signals,  while  the  other  signal  modulates 
the  optical  carrier  emitted  from  the  laser 
transmitter 

The  modulated  optical  signal  passes 
through  a  two-way  optical  coupler  into  the 


fiber  A  50/50  mirror  at  the  remote  station 
reflects  half  of  the  optical  signal  back 
toward  the  reference  unit.  The  other  half  of 
the  optical  signal  passes  through  the  mir- 
ror to  the  receiver,  which  demodulates  the 
optical  signal  and  amplifies  the  resulting 
100-MHz  radio-frequency  signal.  A  PLL  fil- 
ters the  signal,  which  is  used  as  the  remote 
reference  frequency  The  reflected  optical 
signal  returns  to  the  reference  station, 
where  it  passes  through  the  optical  coupler 
and  is  detected  by  its  optical  receiver  and 
filtered  by  its  PLL.  The  third  mixer  receives 
the  resulting  100-MHz  signal,  and  this 
closes  the  phase-control  loop  of  the  sys- 
tem. 

This  work  was  done  by  L.E.  Primas, 
R.L.  Sydnor,  and  G.F.  Lutes  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 

Ttiis  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries    concerning   nonexclusive   or 


exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA 's  Resident  Office- 
JPL.  Refer  to  NPO-17703/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
t^ail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
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(818)  354-2240 
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GaAIAs  Traveling-Wave  Electro-optical  Modulators 

Microwave  signals  modulate  optical  signals  in  a  unit  integrable  with  GaAs  and  GaAIAs  devices. 


Experimental  GaAIAs  electro-optical 
modulators  have  been  designed  and  built 
for  operation  at  a  wavelength  of  0.82  ^^m. 
Unlike  UNb03  devices,  these  modulators 
are  expected  to  be  easily  integrable  with 
GaAs  monolithic  microwave  integrated  cir- 
cuits. Unlike  modulators  of  pure  GaAs, 
these  modulators  do  not  exhibit  the  ex- 
cessive absorption  at  0.82  ^Jm  that  would 
prevent  the  use  of  them  with  GaAs/GaAIAs 
laser  diodes. 

Each  modulator  is  configured  as  an  opti- 
cal-waveguide Mach-Zehnder  interterom- 
eter.  Microwave  modulation  is  applied  to 
two  arms  of  the  interferometer  via  travel- 
ing-wave electrodes  that  constitute  a  co- 
planar  waveguide  (see  upper  part  of  fig- 
ure). Because  the  characteristic  impedance 
of  the  waveguide  is  50  Q  —  a  standard 
value  —  no  impedance-matching  network 
is  required. 

The  modulator  is  fabricated  on  a  GaAs 
substrate.  The  problem  posed  by  the  ab- 
sorption of  0.82-Mm  light  in  pure  GaAs  is 
solved  by  adding  more  than  10  percent  of 
aluminum  to  three  layers  of  the  modulator 
This  forms  GaAIAs,  which  shifts  the  ab- 
sorption edge  of  the  compound  semicon- 
ductor to  a  shorter  wavelength.  As  a  result, 
all  three  GaAIAs  layers  are  transparent  at 
0.82  ^m.  The  effect  of  the  aluminum  on  the 


electrooptical  response  is  believed  to  be 
insignificant. 

The  optical  waveguides  have  the  strip- 
loaded  ridge  structure  shown  in  the  lower 
part  of  the  figure.  Three  layers  of  GaAIAs 
with  differing  aluminum  concentrations 
were  grown  over  a  semi-insulating  sub- 
strate. The  upper  layer  was  etched  to  form 
the  loading  ridge,  but  the  optical  signal 
propagates  in  the  middle  layer.  This  config- 
uration concentrates  the  light  away  from 
the  etched  edges  of  the  loading  ridge, 
reducing  the  intensity  of  light  scattered  by 
the  edges  and  thereby  reducing  the  propa- 
gation losses.  To  prevent  additional  losses, 
the  first  layer  above  the  semi-insulating 
GaAs  is  made  thick  enough  to  prevent  the 
extension  of  the  signal  into  the  substrate, 
where  it  would  otherwise  be  absorbed  by 
the  GaAs. 

The  dimensions  and  placement  of  the 
metal  electrodes  are  chosen  in  combina- 
tion with  the  dielectric  properties  of  the 
GaAs  substrate  to  provide  the  required 
modulating  microwave  field  and  the  char- 
acteristic impedance  of  50  Q.  Because 
there  is  no  doping,  the  substrate  and  the 
three  GaAIAs  layers  are  semi-insulating, 
there  is  no  significant  ohmic  or  rectifying 
behavior  in  the  waveguides,  and  all  the 
layers  can  be  considered  to  be  dielectrics. 


The  Ga^  _j/VI^As  layers  were  grov^  on 
the  GaAs,  substrate  by  molecular-beam 
epitaxy.  The  structures  on  the  surface  were 
formed  by  standard  photolithography  using  a 
mask  generated  by  an  electron  beam.  The 
wave-guiding  ridges  were  defined  by  wet 
chemical  etching  to  a  height  of  about  1 ,400 
A.  The  electrodes  were  made  by  lift-off 
techniques,  using  metals  evaporated  by  an 
electron  beam. 

Modulators  performed  as  intended  in 
tests  with  light  from  a  GaAJAs  diode.  Di- 
rect-current measurements  showed  that 
the  turn-off  voltage  of  a  modulator  is  about 
30  V.  Theoretical  calculations  indicate  a 
3-dB  bandwidth'length  product  of  11.95 
GHz  for  100-percent  modulation  depth. 

This  work  was  done  by  Kul  B.  Bhasin  of 
Lewis  Research  Center  and  Christopher 
M.  Chorey  and  Man  Ferendeci  of  Case 
Western  Resen/e  University.  Further  infor- 
mation may  be  found  in  NASA  Tf/-10O970 
[N88-28240],  Price  Code:  A02  ''A  High 
Frequency  GaA/As  Traveling  Wave 
Electro-optic  l\/1odulator  at  0.82  ;um. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LEW-14866/TN 
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Integrated  Optical  and  Microwave  Waveguides  in  electro-optical  materials  constitute  a  traveling-wave  electro-optical  modulator  in 
the  configuration  of  a  fvlacfi-Zetinder  interferometer. 
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GTO/FET  Cascode  Three-Terminal  Switch 

Neither  external  bias  nor  energy-storage  components  are  required. 


A  three-terminal  semiconductor  switch- 
ing circuit  features  high  switching  speed, 
extremely  high  turnoff  safe  operating  area 
(an  area  in  the  current-vs-voitage  plane), 
moderately  low  forward  ("on "-state)  volt- 
age drop,  and  efficient  utilization  of  the  sili- 
con in  the  design  of  its  components.  The 
circuit  requires  no  external  bias  power  and 
contains  neither  inductors  nor  capacitors. 
It  is  suitable  for  both  hybrid  packaging  and 
monolithic  integration. 

The  circuit  (see  figure)  includes  a  gate- 
turn-off  thyristor  (GTO)  and  a  low-voltage 
(low-on-resistance)  field-effect  transistor 
(FET-1)  connected  in  series  to  form  a  cas- 
code pair  The  GTO  is  turned  on  via  a  sec- 
ond field-effect  transistor  (FET-2)  connect- 
ed between  the  anode  (A)  and  gate  ports  of 
the  GTO.  Both  FET's  have  gates  common- 
ly connected  to  form  a  single  control  ter- 
minal (G).  Finally,  a  Zener  diode  (D^)  is  con- 
nected between  the  gate  of  the  GTO  and 
the  source  terminal  (K)  of  FET-1  to  provide 
a  path  for  transient  negative  gate  current 
during  turnoff. 

When  terminal  G  is  made  sufficiently 
positive  with  respect  to  terminal  K  (e.g., 
+10  V),  both  FET-1  and  FET2  are  made 
conductive.  The  turning  on  of  FET-2  in  turn 
provides  a  conductive  path  from  terminal  A 
to  the  gate  of  the  GTO,  thus  turning  the 
GTO  on.  Once  the  GTO  is  turned  on  com- 
pletely the  current  through  FET2  is  rela- 
tively small  because  the  voltage  between 
the  anode  and  the  gate  of  the  GTO  is  then 
small  and  the  "on"  resistance  of  FET-2  is 
relatively  large. 

When  the  voltage  on  terminal  G  is  re- 
duced sufficiently  with  respect  to  terminal 
K(e.g.,  OV),  both  FET-1  and  FET-2  become 
nonconductive.  When  this  happens,  the 


The  GTO/FET  Cascode  Three-Terminal 
Switch  can  be  made  of  commercially  avail- 
able, discrete  components,  as  a  hybrid  cir- 
cuit pacl<age  or  as  a  monolithic  integrated 
circuit. 

path  for  current  within  the  GTO  is  switched 
from  anode/cathode  to  anode/gate.  This,  in 
turn,  forces  minority  carriers  out  of  the 
lower  base  and  establishes  a  turnoff 
mechanism  that  is  independent  of  M\\\e\ 
capacitance.  This  further  results  in  a  fast, 
high-safe-operating-area  turnoff  of  the 
GTO.  Results  of  tests  indicate  that  this 
mode  of  turnoff  includes  a  voltage  equal  to 
the  peak  off-state  blocking  voltage  and  a 
current  density  of  up  to  800  A/cm^.  The 
safe-operating-area  current  density  is  a 
function  of  the  rate  of  change  of  current  at 
turnoff;  as  the  rate  of  change  of  cathode 
current  is  increased  in  magnitude,  the 
safe-operating-area  current  density  in- 


creases. 

One  of  the  reasons  for  the  efficient  utili- 
zation of  silicon  is  that  FET-1  experiences 
very  low  voltages  (typically  less  than  10  V 
peak,  assuming  "tight"  packaging).  This 
means  that  available  FET's  rated  at  the 
lowest  voltages  will  suffice.  This,  in  turn, 
means  that  both  low  "on"  resistance  and 
low  cost  can  be  achieved  simultaneously 
Another  reason  is  that  FET-2  can  be  small 
because  the  GTO  provides  substantial  turn- 
on  gain,  and  turn-on  current  flows  only  dur- 
ing small  duty  cycles.  Finally  D^can  be  re- 
latively small  because  low  voltage  (e.g.,  3 
V)  and  low  duty  cycles  (typically  less  than  1 
percent  at  20  kHz)  are  involved. 

This  work  was  done  by  Wally  E.  Rippel 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

Inquiries  concerning  rigfits  for  tfie  com- 
mercial use  of  ttiis  invention  should  be 
addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL.  Refer  to 
NP0-17865/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  stop  156-211 
4800  Oak  Grove  Drive 
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(818)  354-2240 
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High-Voltage  Digital-to-Analog  Converter 

Resistors  in  series  are  bypassed  by  optically  isolated  switches. 


A  high-voltage  10-bit  digital-to-analog 
converter  operates  under  computer  con- 
trol to  put  out  voltages  up  to  500  V  at  cur- 
rents up  to  35  mA.  The  circuit  includes  a 
high-voltage  power  supply  which  is  used  to 
generate  a  high-voltage  square  wave  at  a 
frequency  set  by  the  computer  at  a  value 
between  0.2  Hz  and  10  Hz  (see  Figure  1). 
The  circuit  is  used  to  drive  a  0.02-f/F,  1-kV 
capacitor  at  a  slewing  rate  of  1  V/^  to  pro- 
vide a  signal  for  a  robotic  imaging  system. 

The  circuit  (see  Figure  2)  includes  a 
series  string  of  resistors  that  controls  the 
regulated  high-voltage  supply  The  high- 
voltage-regulator  section  evolved  from  a 
design  in  the  National  Semiconductor 
Linear  Applications  Databook  LB47.  To  set 
the  output  voltage,  the  resistors  are  by- 
passed as  needed  by  ten  optically  isolated 
electronic  switches  (photovoltaic  relays) 
controlled  by  the  computer. 

Figure  1.  This  Block  Diagram  illustrates 
the  use  of  the  fast  high-voltage  regulator 
to  generate  waveforms. 


The  power  supply  is  protected  against 
short  circuits  by  switching  circuitry  (not 
shown  in  the  figures)  that  turns  it  off  when 
the  output  current  exceeds  35  mA.  In  addi- 
tion, the  circuit  includes  a  "kill"  switch  to 
deliberately  blow  the  dc  power  fuse,  if 


necessary. 

777/s  work  was  done  by  Steven  W.  Huston 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center  No  furttier 
documentation  is  available.   fv1FS-29605/TN 

Figure  2  Ttne  High-Voltage  Digital-to- 
Analog  Converter,  shown  here  in  more 
detail,  corresponds  to  the  portion  of 
Figure  1  bounded  by  the  dashed  lines. 
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Method  for  Model-Reference  Adaptive  Control 

Synthesis  of  signals  and  adaptation  of  parameters  are  combined  in  a  unified  tlieory. 


A  relatively  simple  method  of  model-ref- 
erence adaptive  control  (MRAC)  has  been 
developed  from  two  prior  classes  of  MRAC 
techniques:  the  signal-synthesis  method 
and  the  parameter-adaptation  method.  In 
the  new  method,  the  theories  of  the  two 
prior  methods  are  incorporated  into  a  uni- 
fied theory,  which  yields  a  more  general  ad- 
aptation scheme. 

In  the  signal-synthesis  method,  an  "aux- 
iliary" signal  is  synthesized  by  the  adapta- 
tion scheme  and  is  fed  into  the  system  to 
supplement  the  operation  of  a  nominal 
fixed  controller.  In  the  parameter-adapta- 
tion method,  the  gains  of  the  controller  are 
adjusted  by  the  adaptation  scheme;  no  ex- 
ternal signals  are  introduced.  In  both 
methods,  the  objective  is  to  match  the  re- 
sponse of  the  system  with  that  of  a  prede- 
fined reference  model. 

The  new  method  applies  to  an  MRAC 
system  that  includes  both  an  adjustable 
system  and  a  reference  model  (see  figure). 
The  adjustable  system  contains  both  the 
plant  to  be  controlled,  which  is  fixed,  and 
the  controller,  which  can  be  adjusted.  For 
instance,  given  the  multivariate  plant 

M{m)  +  N(t)y{t)  =  v(f) 
with  the  control  law 

v(0  =  f(0-f/<(0[y,(0-y(0]  +  O(0y,(0 
the  adjustable  system  is  obtained  as 
y(0  =  [-M-i(W  +  K)]y(0  + 

[M-\K  +  Q)]y,(t)  +  [M-'nt)] 
where  t  =  time,  v  is  the  m  x  1  control  vec- 
tor, y  and  y^  are  the  m  x  1  actual  and  refer- 
ence output  vectors,  M  and  N  are  the 
mxm  plant  matrices  with  \M\  t^  0,  f  is  the 
m  X  1  auxiliary  input  vector,  and  K  and  Q 
are  the  m  xm  controller-gain  matrices. 

In  general,  the  adjustable  system  can 
be  represented  by  the  state  model 
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The  New  Method  of  Model-Reference  Adap- 
tive Control  combines  elements  of  the  sig- 
nal-synthesis and  parameter-estimation 
methods  in  a  unified  adaptation  scheme. 

k{t)  =  A(Ox(0  +  ea)u(f)  +  w(0 
where  x(0  is  the  n  x  1  state  vector,  u(0  is 
the  m  X 1  reference  input  vector,  w(0  is  the 
n  X  1  auxiliary  input  vector  to  be  synthe- 
sized, and  A  and  B  are  nxn  and  nxm 
time-varying  matrices  that  contain  ad- 
justable parameters,  and  all  entries  of  A,  6, 
and  w  can  be  adjusted  independently  The 
reference  model  expresses  the  desired 
performance  of  the  system  specified  by 
the  designer  as 

where  x^(f)  is  the  n  x  1  model  state  vector, 
and  A^  and  6^  are  constant  prespecified 
nxn  and  nxm  matrices.  The  reference 
model  is  stable.  The  MRAC  problem  is  to 
adjust  the  parameters  of  A{t)  and  B{t)  and  to 
synthesize  the  signal  w(f)  in  such  a  way 
that  for  any  arbitrary  input  u(/),  the  state  x(f) 


of  the  system  approaches  the  model  state 
x^(0  asymptotically 

The  laws  of  the  adaptation  scheme  are 
derived  from  the  dynamics  of  the  adapta- 
tion-error vector  e(0  =  xjt)-x{t).  The  der- 
ivation involves  the  use  of  an  improved 
Lyapunov  function.  The  results  are  given 

w(0  =  w(0)  +  OoPe(0  +  Oo-^Pje(f)c/f 
A(0-A(0)  +  o;P[e(f)x'(0](S§) 


-1 


Of^p/[ea)x'(0]Cf(S2)-i 


and 

B(t)  =  B(0)  +  QlP[em'{t)](R^-'  + 

O2-v/[e(f)u'(0]c/f(fl2)-i 

0 

where  the  O's,  R's.  and  S's  denote  con- 
stant weighting  matrices  and  P  is  the  solu- 
tion of  the  Lyapunov  equation  for  the 
reference  model. 

It  is  interesting  to  note  that  the  auxiliary 
signal  w(0  can  be  generated  by  a  propor- 
tional-integral {PI)  controller  with  constant 
gains  Kp  =  OpPandK,  =  Q-^Pdrivenby 
the  adaptation  error  e(f).  The  addition  of  the 
auxiliary  signal  to  the  parameter-adaptation 
laws  results  in  improved  transient  perfor- 
mance and  faster  convergence.  The  aux- 
iliary signal  also  provides  more  flexibility  in 
the  design  without  increasing  the  compu- 
tational time  of  the  adaptation  scheme. 

This  work  was  done  by  Homayoun 
Seraji  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 
NP0-17717frN 
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Multibeam  1.4-GHz  Pushbroom  Microwave  Radiometer 

An  airborne  prototype  radionneter  exhibits  high  spatial  resolution. 


The  measurement  of  multiple  geophysi- 
cal parameters  from  orbiting  spacecraft 
that  achieve  high  spatial  resolution,  global 
coverage,  and  frequent  revisits  is  very  im- 
portant and  useful  in  agriculture,  hydrology 
and  weather-  and  climate-forecasting  ap- 
plications. In  particular,  such  geophysical 
parameters  as  soil  moisture,  sea-surface 
temperature,  windspeed,  rain  rate,  amounts 
and  properties  of  snow  and  ice,  and  atmos- 
pheric parameters  can  be  measured  by 
use  of  microwave  radiometers.  High  spa- 
tial resolution  and  wide  across-track  cover- 
age can  be  achieved  simultaneously  by 
use  of  multiple  narrow  beams,  which  can 
be  either  scanned  across  track  or  fixed 
across  track  in  the  so-called  "pushbroom" 
configuration.  An  airborne  prototype  of  a 
multiple-beam  pushbroom  microwave  ra- 
diometer (PBMR)  has  been  developed  by 
the  NASA  Langley  Research  Center  to  ad- 
vance the  radiometric  technology  neces- 
sary for  remote  sensing  of  geophysical  pa- 
rameters. 

The  figure  shows  a  simplified  block  dia- 
gram of  the  PBMR.  The  antenna  is  a  64- 
element  (8  by  8)  array  of  V-dipoles  with  a 
stripline  feed  network  for  producing  multi- 
ple beams.  The  V-dipole  was  selected  as 
the  element  of  the  array  because  its  radia- 
tion pattern  is  nearly  circularly  symmetri- 
cal about  the  axis  of  the  beam  and  be- 
cause its  projected  length  at  resonance  is 
shorter  than  that  of  a  linear  dipole,  allowing 
closer  physical  spacing  of  the  elements. 

An  L-band  front  end  provides  the  equip- 
ment for  injection  of  noise,  input  filtering, 
Dicke  modulation,  and  amplification.  The 
mixer-and-amplifier  stage  is  used  to  down- 
convert  the  desired  frequency  band  to  dc 
(homodyne  receiver).  A  1.413-GHz  local 
oscillator  is  used  to  perform  the  down-con- 
version. 

The  amplifier/square-law-detector  stage 
provides  an  output  voltage  proportional  to 
the  input  noise  power  The  analog  signal 
processor  then  performs  band-pass  filter- 
ing and  Dicke  correlation  of  the  noise 
signal,  as  well  as  low-pass  filtering,  before 
sampling  by  the  digital  processor  The  digi- 
tal signal  processor  provides  the  appropri- 
ate algorithm  for  optimum  loop  filtering  and 
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The  PBMR  Was  Developed  To  Demonstrate  Technologies  that  may  be  desirable  in 
pushbroom  radiometry  and  to  demonstrate  the  pushbroom  concept  in  an  airborne 
prototype. 


estimation  of  data.  The  digital  signal  proc- 
essor also  provides  timing  for  Dicke  sw/itch- 
ing  and  sampling  of  data. 

The  PBMR  was  designed  to  conform  to 
requirements  developed  in  conjunction 
with  NASA  Goddard  Space  Flight  Center 
personnel  involved  in  the  study  of  the  re- 
mote sensing  of  soil  moisture.  The  instru- 
ment has  t^een  used  in  several  joint  Langley 
Research  Center/Goddard  Space  Flight 
Center/United  States  Department  of  Agri- 
culture soil-moisture  flight  experiments  in 
Virginia,  Texas,  and  California.  The  PBMR 
data  from  those  experiments  are  being  used 
to  modify,  develop,  and  verify  the  algo- 
rithms used  to  predict  soil  moisture  from 
remote-sensing  measurements.  The  im- 
age data  obtained  from  those  flights  may 
also  be  useful  in  the  study  of  the  effects  of 
characteristics  of  beams  on  radiometer 
imaging  data. 

A  study  using  theoretical  models  and 
PBMR  images  to  quantitatively  link  spatial 
characteristics  of  antennas  to  the  accura- 


cy of  radiometric  soil-moisture-image  data 
would  be  extremely  beneficial  and  is  sug- 
gested as  a  future  subject  of  research. 
Thus,  in  addition  to  the  demonstration  of 
possible  pushbroom  technologies,  the 
PBMR  is  a  useful  remote  sensing  tool  and 
engineering  "test  bed"  for  research  in  radi- 
ometry. 

This  work  was  done  by  Roland  W. 
Lawrence,  Marion  C.  Bailey,  Richard  F. 
Harrington.  Chase  P.  Hearn,  and  John  G. 
Wells,  Jr,  of  Langley  Research  Center 
and  William  L.  Stanley  of  Old  Dominion  Re- 
search Foundation.  Further  information 
may  be  found  in  NASA  TM -89005  [N87- 
11105],  Price  Code:  A04  • 'Design  and 
Development  of  a  f\/lultibeam  1.4  GHz 
Pushbroom  Microwave  Radiometer." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161.  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LAR-14023/TN 
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Multlple-Dynode-Layer  MicroChannel  Plate 

Improvements  include  better  performance  and  easier  manufacture. 


An  improved  nnicrochannel-plate  electron 
image  amplifier  is  made  of  a  stack  of  dis- 
crete microchannel-plate  layers.  In  compari- 
son with  conventional  microctiannel  plates, 
the  new  plates  are  easier  to  manufacture 
because  there  is  no  need  to  etch  long,  nar- 
row holes,  to  draw  and  bundle  thin  glass 
tubes,  or  to  shear  the  plates  to  give  the  mi- 
crochannels  the  curvatures  necessary  for 
reduction  of  undesired  emission  of  ions.  Fur- 
thermore, whereas  the  high  electrical  resis- 
tance of  a  conventional  microchannel  slows 
the  rate  of  recharging  after  each  signal  pulse 
so  that  a  typical  photon  counter  in  which 
it  is  used  is  limited  to  a  few  tens  of  counts 
per  second,  the  new  design  provides  for 
relatively  fast  recharging  of  the  microchan- 
nel dynodes,  with  consequent  enhance- 
ment of  performance. 

Each  layer  consists  of  an  insulating  plate 
perforated  with  a  complete  two-dimensional 
array  of  microchannel  holes,  aligned  with 
a  conductive  plate  containing  a  matching 
set  of  holes.  Typically,  the  holes  in  the  insulat- 
ing plate  taper  from  larger  diameter  on  the 
cathode  side  to  smaller  diameter  on  the 
anode  side.  The  conductive  plate  is  attached 
to  the  anode  side,  and  the  holes  in  it  are 
smaller  than  those  in  the  insulating  plate  (see 
figure).  The  holes  in  the  insulating  and  con- 
ducting plates  can  be  made  by  well-known 
photolithographic  and  etching  techniques. 
Alternatively,  the  conductive  layer  can  be 
made  by  depositing  metal  on  the  anode  sur- 
face of  the  insulating  plate.  In  that  case,  de- 
position can  be  performed  at  a  shallow  angle 
while  the  plate  is  rotated  so  that  the  con- 
ductive material  is  deposited  part  way  into 


ONE  LAYER 

^Guide  Bar  for  Stacking 


PARTIAL  CROSS  SECTION  OF  MULTILAYER  STACK 


Discrete  Dynode  Layers  Are  Stacked  with  a 
slight  offset  from  layer  to  layer  to  form  a  micro- 
channel  plate  with  curved  channels. 

the  holes  to  the  optimum  depth  for  accelera- 
tion of  electrons. 

A  secondary-emitting  surface  is  formed 
in  the  holes  by  deposition  either  before  or 
after  stacking  the  layers.  If  the  insulating 
layer  is  made  of  glass,  gradients  of  electro- 
static potential  and  secondary-emission  char- 
acteristics can  be  modified  by  treatment  in 
a  hydrogen  furnace  before,  or  instead  of, 
coating  with  a  secondary-emitting  layer. 

The  layers  are  stacked  in  staggered  fash- 


ion to  effect  the  required  curvature  (see  fig- 
ure). This  can  be  done  easily;  for  example, 
by  aligning  the  edges  of  the  layers  with  a 
guide  bar  The  layers  can  be  simply  clamped 
together  fused  together  by  hot  pressing,  or 
perhaps  bonded  with  adhesive  to  form  the 
multilayer  microchannel  plate.  The  conduc- 
tive layers  are  connected  to  the  source  of 
accelerating  potential  by  a  resistive  voltage 
divider  with  the  most-negative  voltage  tap 
connected  to  the  conductive  layer  nearest 
the  input  (cathode)  side  and  the  most-posi- 
tive voltage  tap  connected  to  the  conduc- 
tive layer  nearest  the  output  side.  The  resis- 
tors in  the  divider  can  be  chosen  to  allow 
rapid  recharging  after  each  signal  pulse. 

This  work  was  done  by  Bruce  E. 
Woodgate  of  Goddard  Space  Flight 
Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13203/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer  Donald  S. 
Friedman 
Mail  Code  702.1 
Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
fl,  Dennis  l\/1archant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 
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Porous-Floating-Gate  Field-Effect  Transistor 

A  new  electrically  erasable,  programmable,  analog  memory  element  is  proposed. 


A  porous-floating-gate,  "vertical"  field- 
effect  transistor  is  proposed  as  a  program- 
mable analog  memory  device  that  is  espe- 
cially suitable  for  use  in  electronic  neural 
networks.  Analog  value  of  the  electrical 
conductance  of  the  device  v/ould  repre- 
sent a  synaptic  weight  (strength  of  a  synap- 
tic connection)  that  could  be  repeatedly 
modified  by  application  of  a  suitable  writing 
or  erasing  voltage. 

The  device  is  particularly  suited  for  hard- 
ware implementations  of  massively  parallel 
neural-network  architectures  for  two  impor- 
tant reasons.  First,  contrary  to  the  conven- 
tional three-electrode  device  configuratbns 
of  the  field-effect  transistors,  the  proposed 
vertical  transistor  structure  requires  only  two 
external  electrodes  (terminals).  This  feature 
would  result  in  a  substantial  reduction  in  the 
hardware  complexity  in  implementing  large, 
high-density  arrarys  of  such  analog  synap- 
tic-memory  elements  in  cross-bar  matrix 
designs  for  neural  networks.  Second,  the 
use  of  tailored  amorphous  semiconduc- 
tors (e.g.,  hydrogenated  amorphous  sili- 
con, a-Si:H)  provides  a  choice  of  a  very 
wide  range  of  low  conductivity  values,  dic- 
tated by  the  overall  power  dissipation  re- 
quirements in  the  massively  parallel  neur- 
al-netw^'k  circuits. 

The  active  portion  of  each  transistor 
(see  figure)  lies  within  the  volume  defined 
by  the  crossing  of  row  and  column  conduc- 
tors (metallic  thin-tilm  wires)  of  a  large  ma- 
trix of  synaptic  memory  elements.  One  of 
these  conductors  constitutes  the  source 
electrode,  while  the  other  acts  as  a  drain 
electrode.  The  electrodes  are  separated 
by  a  layer  of  a  resistivity-tailored  amor- 
phous semiconductor  (e.g.,  a-Si:H).  The 
porous  "floating"  gate  is  formed  within  the 
amorphous  semiconductor  layer  by  em- 
bedded insulated  metallic  particles  (e.g., 
magnesium  oxide  covered  magnesium 
particles)  close  to  the  source  electrode. 

Typically  the  amorphous  semiconduc- 
tor layer  would  be  deposited  by  plasma-en- 
hanced chemical  vapor  deposition,  or 
magnetron  sputter-deposition  techniques, 
on  top  of  the  first  set  of  parallel  metallic 
electrodes,  patterned  on  a  suitable  sub- 
strate (e.g.,  an  oxide-coated  silicon  wafer). 
The  incorporation  of  the  insulated  metallic 
islands  in  the  semiconducting  layer  would 
be  accomplished  by  first  depositing  a  thin 
insulating  layer  over  the  source  electrodes. 
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Insulated  Metallic  Particles  on  the  source  electrode  would  constitute  a  porous  floating  gate. 
The  particles  would  be  charged  or  discharged  by  quantum-mechanical  tunneling  during  the 
application  of  writing  or  erasing  voltages. 


This  is  followed  by  depositing  a  discontinu- 
ous layer  of  the  selected  metal  on  top  of 
the  first  set  of  electrodes  and  growing  an 
oxide  over  the  metal  islands  prior  to  em- 
bedding them  in  the  semiconductor  layer 
The  deposition  and  patterning  of  the  sec- 
ond set  of  perpendicular  metallic  elec- 
trodes on  top  of  the  semiconducting  layer 
would  complete  the  device  structure. 

The  insulated  metallic  particles  would 
therefore  constitute  the  porous  floating 


gate.  Because  the  thin  insulating  layers  in 
contact  with  the  source  would  be  quantum- 
mechanical-tunneling  barriers,  they  would 
have  nonlinear  conductances.  With  the  ap- 
plication of  a  sufficient  voltage  (the  writing 
or  erasing  voltage)  between  the  source 
and  the  drain  electrodes,  electrons  would 
tunnel  through  the  barriers,  charging  or 
discharging  the  metallic  islands.  As  in  con- 
ventional floating  gate  devices,  the  gate  is- 
lands retain  their  charges  or  remain  dis- 
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charged  once  the  writing  or  erasing  voltage 
is  removed. 

The  charge  retentivity  in  such  a  device 
would  of  course  depend  on  the  quality  of 
the  dielectric  layer  as  well  as  on  the  nature 
and  characteristics  of  the  metal-insulator 
interface.  The  floating  gate,  made  up  of 
several  random  disjointed  islands,  could  al- 
ternatively be  formed  by  more  exotic  and 
accurate  lithographic  techniques  (e.g.,  elec- 
tron-beam lithography).  However,  it  is  not 
necessary  to  arrange  the  islands  in  any 
specific  geometrical  fashion  with  close  tol- 
erance, since  even  if  some  of  the  islands 
(panicles)  were  to  "short"  themselves  with 
the  source  electrode,  the  charge  re- 
tentivity of  the  overall  porous  gate  would 
not  be  significantly  affected. 

The  overall  conductance  of  the  vertical 
"channel"  regions  between  the  metallic 
islands  would  be  affected  by  the  charges 
stored  at  the  islands.  This  conductance, 
representing  the  content  of  the  memory 
element  or  effectively  the  synaptic  weight, 


would  be  continuously  variable  because 
the  charge  could  be  varied  continuously  by 
controlling  the  polarity,  amplitude,  and  dur- 
ation of  the  write  and  erase  pulses.  The 
conductance  would  be  sensed  (the  analog 
content  of  the  memory  element  would  be 
read)  by  applying  a  read  voltage  that  is  suf- 
ficient to  generate  a  measurable  current 
but  much  lower  than  the  write  or  the  erase 
voltage,  so  that  the  read  voltage  has  a  neg- 
ligible effect  on  the  stored  charges  and  the 
analog  memory. 

This  work  was  done  by  Anilkumar  P. 
Thakoor,  Alexander  W.  Moopenn,  and 
John  J.  Lambe  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 


California  Institute  of  Technology 
1201  East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NPO-17532/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Ivlail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chaltin 
Mail  stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Programmable  Remapper 

An  input  image  is  remapped  rapidly  and  accurately  onto  a  different  coordinate  grid. 


An  analog/digital  electronic  image-proc- 
essing system  is  being  developed  to  warp 
input  images  onto  arbitrary  coordinate 
grids  at  video  rates.  In  one  potential  appli- 
cation, the  transformation  of  an  image 
from  Cartesian  to  polar-exponential  or  log- 
spiral  coordinates  would  change  rotational 
motions  or  simple  magnifications  in  the  in- 
put scene  into  translations  in  the  output 
scene,  and  the  translation-invariant  prop- 
erties of  the  output  scene  could  be  utilized 
by  a  pattern-recognition  robotic-vision  sub- 
system. Other  applications  include  real- 
time corrections  of  distortions  in  the  input 
optics  of  image  sensors,  corrections  for 
repeatable  nonlinear  scanning,  and  aiding 
persons  of  impaired  vision  by  deliberately 
distorting  images  onto  remaining  function- 
al portions  of  their  retinas. 

The  figure  illustrates  the  many-to-one 
aspect  of  the  transformation  performed  by 
the  system.  First,  each  picture  element  of 
the  1,024-  by  1,024-element  input  image  is 
assigned  a  sequence  number  The  intensi- 
ty of  each  picture  element  is  digitized  in  se- 
quence to  8  bits.  The  sequence  number  is 
used  as  an  address  pointer  for  two  "lookup 
tables"  contained  in  programmable  ran- 
dom-access memories;  One  table  con- 
tains the  weighting  factor  of  each  picture 
element  for  the  geometric  transformation; 
the  other  table  contains  the  address  in  an 
accumulator  memory  that  corresponds  to 
the  location  of  the  picture  element  in  the 


256-  by  256-element  output  image  onto 
which  the  input  picture  element  is  to  be 
mapped. 

The  result  of  each  weighting  multiplica- 
tion is  accumulated  at  the  appropriate  ad- 
dress in  the  accumulator  memory  along 
with  the  results  of  any  previous  multiplica- 
tions from  other  input  picture  elements  that 
contribute  to  the  same  output  picture  ele- 
ment. After  all  the  input  elements  in  a 
frame  have  been  so  processed,  the  8  most 
significant  bits  of  each  output  picture  ele- 
ment are  dumped  to  an  output  memory, 
and  the  accumulator  memory  begins  to 
accumulate  the  next  frame.  An  output  se- 
quencer feeds  the  contents  of  the  output 
memory  to  a  digital  system  for  further  proc- 
essing or  to  a  digital-to-analog  converter 
for  display  as  the  output  image. 

For  simplicity,  the  figure  does  not  in- 
clude the  subimage  processor  which  is  a 
subsystem  that  performs  a  partly  one-to- 
many  mapping.  The  subimage  processor 
synthesizes  picture  elements  in  the  input 
image  that  lie  between  the  actual  ele- 
ments: this  is  necessary  in  regions  where 
the  transformed  coordinate  grid  becomes 
so  fine  that  it  requires  picture-element 
spacings  smaller  than  those  of  the  input 
image.  The  subimage  processor  operates 
on  4-  by  4-element  patches  of  the  input  im- 
age, performing  a  combined  interpolation 
of  up  to  cubic  order  and  remapping  via  an 
algorithm  distinct  from  that  of  the  many-to- 


one  processor  The  many-to-one  and  sub- 
image  processors  operate  in  parallel  on 
each  frame  of  data,  and  the  outputs  of  both 
are  processed  into  one  composite  image. 

The  principal  advantages  of  the  new 
system  include  the  antialiasing  effect  of  the 
many-to-one  data  path  and  the  speed  of 
lookup-table  operation.  Furthermore,  the 
lookup  tables  can  be  reprogrammed  easily 
with  the  help  of  a  computer  that  generates 
the  table  values  from  a  mathematical  de- 
scription of  the  desired  transformation. 

This  work  was  done  b/  Richard  D.  Juda/ 
and  Timothy  E.  Fisher  of  Johnson  Space 
Center  and  Jeffrey  B.  Sampsell  of  Texas 
Instruments,  Inc. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  Johnson  Space  Center  Refer  to 
MSC-21350/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston.  TX  77058 
(713)  483-4871 
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The  Many-to-One  Processor  performs  a  rapid  geometric  transformation  of  a  higher-resolution  input  image  into  a  lower-resolution  output  im- 
age. The  numerical  values  of  the  transformation  are  fetched  from  a  "lookup-table"  memory  generated  from  the  equations  of  the  transforma- 
tion. 
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Selecting  Modulation 
Indices  for  Telemetry 
and  Ranging 

Undesired  signals  are 
suppressed  and  power 
is  divided  optinnally 
among  channels. 

A  report  describes  an  algorithm  for  the 
selection  of  optimum  modulation  indices  in 
a  system  for  communication  between  a 
ground  station  and  a  spacecraft,  in  which 
the  ranging  channel  is  operated  simultane- 
ously with  the  data  (command  and  teleme- 
try) channel.  The  algorithm  provides  for  the 
optimum  division  of  power  among  the  data, 
ranging,  and  carrier  channels  and  reduces 
the  degradation  of  performance  by  unde- 
sired interferences  among  signals. 

Tine  effects  that  one  seeks  to  minimize 
are  due  mainly  to  the  feedthrough  of  vari- 
ous modulation,  intermodulation,  cross- 
modulation,  and  noise  components.  The 
algorithm  calculates  the  magnitudes  of 
these  effects  and  searches  for  the  modula- 
tion indices  for  which  (a)  the  radio-f i  equen- 
cy-carrier  demodulator  does  not  degrade 
the  threshold  value  of  the  signal-power-to- 
noise-density  ratio  (SNR)  of  the  data  chan- 
nel ,  (b)  the  data  channel  achieves  a  desi  red 
performance  in  the  presence  of  the  rang- 
ing signal,  (c)  a  specified  ranging  accuracy 
can  be  achieved,  and  (d)  the  useful  power 
in  the  first-order  sidebands  of  both  data 
and  ranging  channels  is  as  large  as  possi- 
ble while  still  consistent  with  constraints 
(a),  (b),  and  (c). 

The  algorithm  consists  of  the  following 
steps: 


1 .  Calculate  the  threshold  requirements. 

2.  Using  the  results  from  step  1,  calculate 
the  ratio  of  the  SNR's  of  the  data  and 
carrier  channels  and  the  ratio  of  SNR's 
of  the  data  and  ranging  channels. 

3.  Specify  the  desired  degradation  ^^(68) 
in  the  data  channel  due  to  interference 
from  the  ranging  channel,  the  required 
bit-error  rate,  and  the  required  SNR; 
and  calculate  the  maximum  ranging 
power  level  P,(dB)  that  falls  in  the  data 
channel. 

4.  Calculate  the  ranging  suppression,  A^ 
relative  to  the  data  channel  for  the  spec- 
ified Aq. 

5.  Using  the  result  from  step  4,  calculate 
the  design  factor  k.  which  depends  on 
(annong  other  things)  the  SNR's  of  the 
ranging  and  data  channels. 

6.  Using  the  value  of  k  from  step  5,  deter- 
mine whether  too  much  power  is  being 
allocated  to  the  data  or  to  the  ranging 
channel  for  the  specified  degradation 

Ad- 

7.  For  a  particular  modulation  scheme, 

develop  the  expressions  for  the  power 
in  each  channel  as  a  function  of  the 
modulation  indices. 

8.  Using  the  relation  found  in  step  7,  plot 
the  ranging  modulation  index  as  a  func- 
tion of  the  data  modulation  index.  A 


specific  set  of  modulation  indices  can 
now  be  obtained. 
9.  Find  the  ratios  of  first-order  data-side- 
band and  first-order  ranging-sideband 
power  to  total  power  corresponding  to 
the  particular  set  of  modulation  indices; 
plot  these  power  ratios  as  a  function  of 
the  data  modulations  in  the  same  plot 
described  in  step  8. 

10.  Bound  the  values  of  the  modulation  in- 
dices of  the  data  and  ranging  channels, 
observing  that  these  nnodulation  indices 
are  mutually  dependent  subject  to  the 
requirement  that  the  carrier  threshold 
be  equal  to  or  lower  than  the  data 
threshold. 

1 1 .  Select  the  set  of  modulation  indices  for 
the  data  and  ranging  channels  that  cor- 
respond to  the  largest  values  of  the 
curves  of  step  9  that  satisfy  the  speci- 
fied degradation  A^,  constraining  these 
values  to  within  the  boundary  set  estab- 
lished in  step  10. 

777/s  work  was  done  by  Ten  M.  Nguyen  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Technique  To  Select  the  Op- 
timum f\/lodulation  Indices  for  Suppres- 
sionof  Undesired  Signals  for  Simul- 
taneous Range  and  Data  Operations," 
NPO-17535/TN 
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Tunable  Quantum-Well  Submillimeter-Wave  Oscillators 

Frequencies  would  be  adjusted  via  applied  voltages. 


Tunable  (AI/Ga)As  electronic  devices  of 
the  proposed  type  would  oscillate  at  fre- 
quencies from  300  to  3,000  GHz.  Hereto- 
fore, it  has  been  necessary  to  operate 
relatively  inefficiently  in  that  frequency 
range  by  generating  harmonics  from  de- 
vices that  oscillate  at  lower  frequencies; 
and,  to  obtain  higher  powers,  it  has  been 
necessary  to  use  arrays  of  such  harmonic 
generators.  The  new  device  concept  offers 
the  potential  to  make  relatively  compact, 
efficient  local  oscillators  for  heterodyne 
mixers  in  submillimeter  radar  and  imaging 
systems,  nondestructive  testing,  diagnosis 
of  plasmas,  airtxDrne  spectroscopy  of  the  at- 
HTKDsphere,  detection  of  weapons  and  other 
contraband,  and  communications. 

A  representative  device  would  have  the 
layered  structure  shown  in  Figure  1.  The 
layers  could  be  deposited  by  molecular- 
beam  epitaxy,  with  appropriate  grading  of 
the  Al  composition  of  (AI/Ga)As  to  produce 
the  energy-band  structure  with  two  partial- 
ly-exponentially-shaped quantum  wells  illu- 
strated in  Figure  2.  Near  the  bottom  of 
each  well,  electron-energy  levels  would  be 
like  those  of  the  well-known  harmonic  os- 
cillator, separated  by  an  interval  (the  pho- 
ton energy)  proportional  to  the  square  root 
of  the  curvature  of  the  well  at  the  bottom. 

An  electron  current  would  be  introduced 
along  the  wells  (parallel  to  the  layers)  from 
the  source  contact.  Electrons  would  be  ac- 
celerated to  higher  quantum  levels  above 
the  bottoms  of  the  wells,  then  return  to 
lower  levels,  emitting  monochromatic  radi- 
ation at  the  energies  of  the  transitions  be- 
tween levels.  The  particular  shape  of  the 
wells  shown  in  Figure  2  is  chosen  so  that 
the  locations  of  the  bottoms  of  the  wells 
and  the  curvatures  of  the  wells  at  those 
locations  depend  on  the  electric  field. 
Thus,  a  change  in  the  electric  field  would 
change  the  photon  energy;  that  is,  the  fre- 
quency of  the  output  could  be  tuned  by  ad- 
justing the  electric  field. 

To  generate  the  frequency-controlling 
electric  field,  the  voltage  -V  would  be  ap- 
plied between  the  common  gate/drain  con- 
tact and  the  ground  (substrate)  terminal. 


Figure  2   The  Energy-Band  Structure  of 

the  device  of  Figure  1  could  include  two 
(or  more)  quantum  wells  that  could  be  ad- 
justed via  the  applied  electric  field  to  ad- 
just the  frequency  of  radiation  emitted  by 
excited  electrons. 
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Figure  1.  The  Tunable  Sut>mllllmeter-Wave  Generator  would  be  a  layered  (AI/Ga)As  device. 
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The  voltage  -  Vg  -  Vg  would  be  applied  at 
the  source  contact  to  inject  electrons  into 
the  wells. 

The  radiation  would  travel  outward 
along  the  planes  of  the  quantum  wells  (per- 
pendicular to  the  plane  of  Figure  1).  The 
radiation  could  be  collected  or  focused 
with  conventional  quasi-optical  antennas 


or  reflectors.  If  the  device  were  placed  in  a 
cavity  with  appropriate  reflect6rs  and  if 
there  were  sufficient  gain  through  stimu- 
lated emission,  the  device  might  act  as  a 
laser  that  could  be  tuned  through  numer- 
ous cavity  modes  over  a  wide  spectral 
range.  ■,-    .     - 


This  concept  was  proposed  by  Joseph 
Maserjian  of  Caltech  and  Arthur  C. 
Gossard  of  the  University  of  California  for 
NASA's  Jet  Propulsion  Laboratory. 

NPO-17754n'N 
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Switching  X-Ray  Tubes  Remotely 

A  convenient  switch  and  relay  circuit  reduce  the  risk  of  accidents. 


A  proposed  switching  circuit  tor  an  x-ray 
inspection  system  would  enable  an  opera- 
tor to  chiange  electrical  connections  to 
x-ray  tubes  remotely  Without  the  switching 
circuit,  the  operator  has  to  climb  to  an 
equipment  shelf  9  ft  (3  m)  above  the  shop 
floor  to  change  low-voltage  cables  and 
coolant  lines  during  a  switch  between 
1 60-kV  and  320-kV  x-ray  tubes.  With  the  cir- 
cuit, the  operator  would  simply  change  the 
position  of  a  switch  (see  Figure  1). 


The  switch  would  be  mounted  in  a  se- 
lector box  atx)ut  4  ft  (1.2  m)  above  the  floor 
There  would  be  no  need  to  climb  a  lad- 
der —  and  perhaps  fall  from  it  —  while 
changing  connections. 

A  cable  would  connect  the  selector  box 
to  a  changeover  box  on  the  equipment 
shelf  Relay  switches  in  the  changeover 
box  would  make  the  necessary  powerline 
connections  to  provide  - 1 60  kV  and  water 
coolant  for  the  lower-voltage  tube  and  both 


-160  and  +160  kV  and  oil  coolant  for  the 
higher-voltage  tube  (see  Figure  2).  The 
chance  of  making  the  wrong  connections 
and  thereby  damaging  the  equipment  —  a 
real  possibility  with  a  manual  change- 
over —  would  be  eliminated. 

This  work  was  done  by  Ronald  V. 
Bulthuis  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 
/WFS-29357/7A/ 
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Figure   1.  An  Operator  Would  Simply  Flip  a  Switch  on  the 

conveniently-located  selector  box  to  change  x-ray  heads.  Indi- 
cator lights  on  the  selector  box  would  show  whether  the  160 
or  320-  kV  head  is  connected.  Relays  in  the  changeover  box 
would  provide  the  proper  voltages  and  coolants. 


Figure  2.  Relays  in  the  Changeover  Box  would  switch  the  low 
(powerline)  voltages  to  the  high-voltage  generators  and  cooling 
units.  Indicator  lights  on  the  selector  box  would  show  whether 
the  160-  or  the  320-kV  x-ray  tube  is  connected. 


Low  Voltage  (Power 

tor  Coolers)  From 

Power  Supply  in 

-160-kV  Generator 


rh 


116  Vac 
O— 


^ 


-i\rO 


LowVoltage 
Line  1  From 
Primary  ot 
HIgh-Vottage 
Transformer  in 
+  160-kV  Generator 


-'^./-o 


"7 


(Powerline) 

Voltage 

From  Power 

Supply  in 

_   .-    -  J        -160-kV 

Generator 


Changeover 
Box 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


839 


< 


Energy 


0840  Sun-Powered  Chemical  Reactor  Shows  Promise  in  Field  Tests 

0841  Reclaiming  Waste  Heat 

0842  Making  More  Efficient  Use  of  Battery-Plate  Mass — Conductive  fibers 
and  enhanced  porosity  increase  efficiency  and  discharge-cycle  life. 
(Licensing  Opportunity) 

Testing  &  Instrumentation 

0843  Photovoltaics  US 

Otiier  Items  of  Interest 

0875     Unique  Device  Detects  and  Analyzes  Emissions 


( 


Technology  Application 


Sandia  National  Laboratory 

Sun-Powered  Chemical  Reactor  Shows  Promise  in  Field 
Tests 


A  unique  sun-powered  chemical  reactor,  designed  at 
Sandia  National  Laboratories,  has  been  successfully 
tested  on  a  solar  concentrator  in  West  Germany- 
The  commercial-scale  reactor  is  the  largest  solar- 
driven  chemical  reactor  and  the  first  tested  on  a  dish 
concentrator. 

The  reactor  uses  sunlight  to  convert  carbon  dioxide 
and  methane  into  hydrogen  and  carbon  monoxide.  In 
the  process,  solar  energy  is  captured  as  chemical  energy 
in  newly  formed  molecules.  These  products  can  be  used 
as  feed  for  the  production  of  liquid  fuels  and  chemicals, 
such  as  methanol.  The  reaction  can  also  be  reversed, 
releasing  the  stored  energy  for  a  number  of  applications, 
including  electrical  generation  and  industrial  heat. 

The  reactor  was  installed  in  the  CAtalytically  En- 
hanced Solar  Absorption  Receiver  (CAESAR).  The 
CAESAR  project  is  a  joint  U.  S.  -  Federal  Republic  of 
Germany  experiment  involving  Sandia  and  the  German 
Research  Establishment  for  Aeronautics  and  Astronau- 
tics (DLR)  at  Stuttgart.  It  was  set  up  under  authority  of 
the  International  Energy  Agency's  Small  Solar  Power 
Systems  project.  Testing  began  last  summer  at  the  DLR 
Parabolic  Concentrator  Installation  (PAN)  near 
Lampoldshausen,  north  of  Stuttgart. 

"CAESAR  is  truly  a  cooperative  effort,"  explains 
Jim  Fish,  who  coordinated  the  experiment  for  Sandia 
and  acted  as  project  chairman.  "Neither  national  pro- 
gram had  the  expertise,  the  facilities,  and  the  resources 
to  accomplish  such  an  ambitious  program  alone.  To  me, 
CAESAR  is  a  perfect  model  of  what  an  international 
program  should  be.  Everyone  contributed  and  everyone 
benefited." 

Converts  solar  energy  to  chemical  energy 

Two  Sandia-designed  reactors  were  tested  in  the 
experiment.  The  main  goal  of  the  tests  was  to  demon- 
strate commercial-scale  solar  reforming  of  methane  with 
carbon  dioxide  at  high  temperatures  in  the  presence  of  a 
catalyst.  Mounted  on  the  PAN  17-meter  parabolic  dish 
solar  concentrator,  the  first  reactor  tested — a  uniform 
flow  design — showed  a  conversion  efficiency  of  69  per- 
cent at  71  kilowatts  of  solar  energy. 

The  efficiency  means  that  69  percent  of  the  methane 
available  for  conversion  was  reformed  during  the  high 
temperature  reactions.  Data  from  tests  with  the  second 
reactor — a  more  optimal,  non-uniform  flow  design — are 
still  being  analyzed.  Preliminary  results  indicate  an 
increase  in  conversion  efficiencv. 
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CAESAR  reactor  uses  sunlight  to  convert  carbon  dioxide  and 
methane  into  hydrogen  and  carbon  monoxide. 


The  reversible  reaction  could  be  a  key  to  low-loss 
energy  transport  from  high-temperature  solar-thermal 
collectors.  The  reforming  reaction  converts  solar  energy 
to  chemical  energy,  allowing  the  reaction  products  to  be 
transported  at  near  ambient  temperature  W'Iumi  the 
reaction  is  reversed,  the  heat  is  released  where  it  is 
needed. 

Researchers  are  studying  such  heat  absorliing  and 
releasing  reactions  as  a  way  to  provide  industrial  process 
heat  or  make  steam  for  electricity  generation  without 
suffering  the  large  energy  losses  that  would  be  associated 
with  transmission  of  600°C  (1100°F)  Ouids  through 
miles  of  pipelines. 

Other  possible  applications  of  the  solar-powered 
reactor  include  the  production  of  liquid  fuels  from 
natural  gas,  the  destruction  of  hazardous  wastes,  and 
direct  air  heating. 

The  heart  of  CAESAR  is  a  catalyst-coated,  porous- 
matrix  absorber.  Concentrated  sunlight  passes  through 
a  receiver  window  and  penetrates  the  matrix.  Sunlight  is 
absorbed  directly  by  the  catalyst  throughout  the  ab- 
sorber volume,  eliminating  the  need  for  a  heat  transfer 
medium  such  as  sodium  used  in  other  reactors,  explains 
James   F.   Muir  of  Sandia's  Solar  Thermal   Collector 
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Technology  Division.  Muir  succeeded  Fish  as  Sandia 
project  manager  and  shares  responsibilities  with  Reiner 
Buck,  his  counterpart  at  DLR. 

The  unique  CAESAR  absorbers  are  made  of  a  rigid 
ceramic  material  called  alumina.  Spongelike  in  appear- 
ance, the  absorbers  permit  gases  to  flow  through  while 
they  are  heated  by  the  sun. 

Catalyst  heated  directly  by  sunlight 

Manufactured  by  Hi-Tech  Ceramics,  Alfred,  New 
York,  the  absorbers  were  delivered  to  Sandia  for  catalyst 
loading  and  assembly.  A  rhodium  coating  on  the  porous 
absorber  has  been  determined  to  be  an  effective  catalyst 
in  experiments  performed  for  Sandia  by  James 
Richardson,  University  of  Houston. 

Unlike  conventional  reactors,  where  catalyst  pellets 
are  heated  inside  a  tube,  the  CAESAR  catalyst  is  heated 
directly  by  sunlight  and  is  the  hottest  point  in  the 
system,  explain  Russell  D.  Skocypec  and  Roy  E.  Hogan 
of  Sandia's  Fluid  and  Thermal  Sciences  Department. 

A  second  important  advantage  of  this  reactor  type, 
say  Hogan  and  Skocypec,  is  its  ability  to  absorb  signif- 


icantly higher  concentrations  of  solar  energy  than  con- 
ventional reactors.  This  can  result  in  increased  process- 
ing capability. 

Data  collected  by  the  German  research  team  during 
last  year's  experiments  and  others  being  performed  this 
spring  will  be  compared  with  model  predictions  by 
scientists  from  both  nations.  These  analyses  will  help 
determine  even  better  receiver/reactor  designs  for  the 
future.  Researchers  will  also  investigate  deterioration  of 
the  absorber  and  catalyst.  A  final  report,  addressing 
these  issues  and  further  experiments,  is  expected  by 
late-1990.  a 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  25  No.  4 
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Technology  Application 


Solar  Energy  Research  Institute 

Reclaiming  Waste  Heat 


SERI's  solar  thermal  research  has 
been  energized  with  the  completion 
of  a  powerful  solar  furnace  on  South 
Table  Mountain  in  Golden,  Colo.  At 
full  capacity,  the  furnace  will  produce 
concentrations  of  solar  energy 
equivalent  to  50,000  suns,  making  it 
the  hottest  solar  facility  in  the  world. 

During  the  first  two  years  of  opera- 
tion, the  furnace  will  be  used  to  ex- 
periment with  destroying  hazardous 
waste:  hardening  and  transforming 
metals;  and  studying  high-flux,  high- 
energy  photon  reactions.  Full  poten- 
tial will  unfold  as  the  furnace  sparks 
the  imagination  of  its  users. 

The  facility's  unique  off-axis  design 
was  developed  by  SERl  engineers 
based  on  research  conducted  at  the 
University  of  Chicago.  It  offers 
several  significant  advantages  over 
conventional  single-axis  furnaces.  Re- 
searchers will  now  be  able  to  upgrade 
furnace  concentrations  as  required 
for  different  experiments.  The  design 
also  increases  flexibility  because  ex- 
periments take  place  indoors  rather 
than  outside  where  they  could  shade 
the  concentrator. 

In  the  current  configuration,  a 
pedestal-mounted,  faceted  heliostat 
reflects  sunlight  onto  a  primary  con- 
centrator, which  then  focuses  the 
light  into  a  concentrated  beam  of 
more  than  2000  suns  and  1800°F. 
This  configuration  will  soon  be 
modified  to  include  a  reflective-type 
secondary  concentrator  so  that  solar 
flux  concentrations  can  be  increased 
to  about  20,000  suns.  Eventually  a 
refractive-type  secondary  concen- 
trator will  increase  concentrations  to 
50,000  suns  or  more. 


The  primar\j  concentrator's  23  facets 
help  focus  sunlight  into  a  concen- 
trated beam  with  the  intensiti^  of 
2000  suns.  Additional  mirrors  will 
help  produce  50.000-sun 
concentrations. 


Reflective  surfaces  of  the  helio- 
stat and  the  primary  concentrator 
are  aluminized  front-surface  mirrors. 
A  multilayer,  thin-film  coating 
protects  the  mirrors  from  oxidizing. 
Aluminum  was  chosen  over  other 
reflective  materials,  such  as  silver, 
because  of  its  ability  to  reflect  high- 
energy  photons  for  photocatalytic 
and  photolytic  reactions.  These  reac- 
tions play  a  key  role  in  experiments 
such  as  the  solar  detoxification  of 
hazardous  waste. 

Funding  for  the  furnace  was 
provided  by  DOE's  Solar  Thermal 
Program. 

Contact:    Meir  Carasso 

(303)  231-1353 
Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 
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Making  More  Efficient  Use  of  Battery-Plate  Mass 

Conductive  fibers  and  enhanced  porosity  increase  efficiency  and  discharge-cycle  life. 


An  improved  active  material  for  ttie  posi- 
tive piate  of  a  lead/acid  electric  storage 
battery  is  made  withi  additional  porosity  to 
give  the  electrolyte  access  to  a  larger 
plate-surface  area.  As  a  result,  65  to  68 
percent  of  ttie  active  mass  of  ttie  plate  can 
be  used  to  generate  electric  current.  In 
conventional  plates,  the  efficiency  of  utili- 
zation is  only  25  to  40  percent.  Batteries 
with  the  new  plate  material  also  offer  an  ex- 
tremely long  cycle  life.  In  preliminary  tests, 
a  cell  was  charged  and  deeply  discharged 
more  than  2,000  times  with  no  signs  of 
"fading";  that  is,  loss  of  energy-storage  ca- 
pacity 

In  effect,  the  plate  is  manufactured  in  a 
condition  lil<e  that  normally  encountered  in 
failure;  that  is,  covered  with  lead  sulfate. 
This  material  is  selected  for  its  large  molec- 
ular volume.  Because  the  density  of  the 
material  increases  during  charging,  addi- 
tional pores  open  up  in  the  material. 

The  lead  sulfate  is  precipitated  by  acidi- 


fication in  a  solution  of  lead  nitrate  with  ex- 
cess sulfuric  acid  in  water.  The  precipitate 
is  filtered  and  washed  thoroughly  to  re- 
move the  nitrate.  Enough  sulfuric  acid  is 
added  to  turn  the  precipitate  into  a  paste, 
which  is  blended  with  about  5  to  10  percent 
by  weight  of  glass  fibers  coated  with  elec- 
trically conductive  tin  oxide.  The  mixture  is 
then  applied  to  the  positive  side  of  a  bipolar 
plate  to  form  the  positive  electrode. 

This  work  was  done  by  John  J.  Rowlette 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 


Pasadena,  CA  91125 
Refer  to  NP0-17435/TN,  volume  and 
number  of  this  NASA  Tech  Briefs  issue, 
and  the  page  number 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Ofilcer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Technology  Application 


Solar  Energy  Research  Institute 


Photovoltaics  USA 


SERFs  world-renowned  ability  to 
test  and  verify  the  performance  of 
photovoltaics  modules  is  now  part 
of  an  ambitious  project  aimed  at 
making  solar  power  a  reality  for 
utilities  within  the  next  five  years. 

Called  Photovoltaics  for  Utility- 
Scale  Applications  (PVUSA),  the 
joint  government-industry  project 
is  assessing  several  promising  solar 
electric  technologies  in  a  utility  set- 
ting. One  example  is  a  2.5  x  5 
amorphous  silicon  (a-Si)  module 
manufactured  by  Chronar  Corp. 
of  Trenton,  N.J.  SERI  researchers 
have  just  tested  this  prototype 
module,  the  largest  thin-film  mono- 
lithic structure  ever  made,  and  con- 
firmed its  ability  to  produce  an  initial 
62  W  of  electric  power — an  out- 
standing achievement  for  a  device  of 
its  size  and  design.  These  modules 
will  be  used  in  a  400-kW,  utility- 
scalable  system  along  with  other  test 
arrays  and  systems.  Three  20-kW 
arrays  have  already  been  connected 
to  a  utility  grid  at  PVUSA's  test  site 
in  Davis.  Calif. 

Dick  DeBlasio,  who  manages 
SERl's  advanced  module  testing  and 
performance  efforts,  helps  review 
proposals  and  recommend  projects 
for  field  deployment  and  testing. 
Sample  modules  are  sent  to  SERI 
for  performance  evaluation  before 
installation  and  also  for  analysis  in 
case  of  field  failure. 

SERI  has  received  this  honor  by 
being  the  nation's  lead  center  for 
flat-plate,  thin-film  module  testing. 
Capabilities  include  evaluation  of 
efficiency,  stability,  energy  output, 
and  lifetime  reliability  under  simu- 
lated or  natural  light  conditions. 
SERI  also  calibrates  primary  and 
secondary  reference  cells. 


Devices  such  as  this 
record-setting  cadmium 
telluride  submodule  are 
evaluated  at  SERl's 
Photovoltaics  Module 
Performance  and  Test 
Facility. 


Last  year,  researchers  completed 
more  than  500  outdoor  and  indoor 
performance  tests  of  modules  from 
subcontractors,  manufacturers,  and 
utilities.  This  cooperative  inhouse 
research  has  many  benefits.  It  al- 
lows SERI  to  track  progress  in  PV 
technology  and  to  identify  areas  for 
further  research.  It  also  provides  a 
standardized  way  of  verifying  device 
performance. 

Many  performance  records  have 
been  established  at  SERl's  Photo- 
voltaics Module  Performance  and 
Test  Facility.  In  addition  to  confirm- 
ing Chronar's  outstanding  power 
output  for  a  monolithic  a-Si  panel. 
SERI  researchers  recently  made  the 
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first  independent  confirmation  of 
the  outdoor  stability  of  a  thiin-film 
module.  This  confirmation  was 
made  after  subjecting  two  ARCO 
Solar  copper  indium  diselenide 
modules  to  475  days  of  outdoor 
tests.  Researchers  have  also  con- 
firmed the  recent  world-record, 
power  outputs  of  a  cadmium  tel- 
luride  cell  and  submodule  manufac- 
tured by  Photon  Energy  of  El  Paso, 


Tex. 

SERI  has  gathered  the  results  of 
more  than  800  performance  tests 
into  a  detailed  data  base.  Updated 
semiannually,  this  computerized 
record  assists  the  DOE  Photovoltaics 
Program  with  research  planning  and 
technology  assessment. 


Contact: 


Dick  DeBlasio 
(303)  231-1286 


Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 


Engineering 


0844  Small  Envelope  Tube  Swaging  Tools 

0845  Catalysts  improve  Industrial  Processes 

0846  Method  of  Recovering  Adsorbed  Liquid  Compounds  from  r\/1olecular 
Sieve  Columns 

0847  Robotics  and  Intelligent  Systems  Program 

0848  Paint  Spray  Boothi  Wet-to-Dry  Conversion 

0849  ASTM  Approves  NIST  Cone  Calorimeter  as  Standard 

0850  Double-Swivel  Mechianism  for  Reliable  Release — Thiis  mechanism 
functions  even  if  two  out  of  three  elements  fail. 

0851  Automatic  Refilling  System  for  Liquid  Helium — Cryogenic  experiments 
can  be  left  unattended  for  days. 

0852  Improved  Analysis  of  Heat-Pulse  Data — Calculations  of  thermal 
diffusivity  and  heat  capacity  take  account  of  exponential  pulses  and 
losses  of  heat. 

0853  Heteropolar  Magnetic  Suspension — A  compact  permanent-magnet/ 
electromagnet  actuator  has  six  degrees  of  freedom.  (Licensing 
Opportunity) 

0854  Inertia-Wheel  Vibration-Damping  System — Known  vibrational  modes 
would  be  damped  sequentially.  (Licensing  Opportunity) 

0855  Impact  Wire  Dislodges  Obstructions — Inaccessible  debris  are  broken  or 
shaken  loose  by  impact. 

0856  Jam-Resistant  Cutters  for  Emergency  Separation — Redundant  vented 
pyrotechnics  yield  reliable,  clean  cuts. 

0857  Multivariable  PID  Controller  for  Robotic  Manipulator — Gains  are  updated 
during  operation  to  cope  with  changes  in  characteristics  and  loads. 
(Licensing  Opportunity) 

0858  Moving  Large  Wiring-Harness  Boards — A  rolling  carrier  makes  the 
transfer  of  heavy  boards  easy  and  safe. 

0859  Pressurized-Flat  Interface  Heat  Exchanger — High  thermal  conductance 
is  obtained  without  leakage  between  loops.  (Licensing  Opportunity) 

0860  Programmable  Multizone  Furnace — Moving  thermal  gradients  are 
created  without  mechanical  motion. 

0861  Programmable  Cadence  Timer — An  electronic  metronome  would  pace 
the  users  through  a  wide  range  of  exercise  routines. 

0862  Recursive  Construction  of  Jacobian  Matrix  and  its  Time  Derivative  for 
Robot  Arm — Quantities  essential  to  linearization  of  control  feedback  are 
calculated. 

0863  Remotely-Controlled  Variable-Orifice  Valve— Features  include 
compactness  and  reduction  of  perturbation 

0864  Rotary  Stirling-Cycle  Engine  and  Generator — Advanced  heat-engine 
and  motor/generator  concepts  are  combined. 

0865  Securing  Bearing  Races  to  Turbopump  Shafts — Tension  bands  would 
prevent  races  from  loosening  caused  by  differential  thermal  contraction. 
(Licensing  Opportunity) 

0866  Simulation  of  Turbulent,  Oscillating  Boundary  Layer — Numerical  results 
support  predictions  of  simplified  theories. 

0867  Simulation  of  Unsteady,  Viscous,  Incompressible  Flow— Results  of 
computations  compare  favorably  with  experiments. 

Testing  &  Instrumentation 

0868  New  Phase  Noise  Measurement  System 

0869  Digital  Protractors  for  Aircraft  Maintenance 

0870  Noise  Calibrations  Extended 

0871  Self-Calibrating  Respiratory-Flowmeter  Combination — Dual  flowmeters 
ensure  accuracy  over  the  full  range  of  human  respiratory  flow  rates. 

0872  Air-Velocity  Sensor  for  Helicopter — The  speed  and  direction  of  motion 
are  measured  accurately,  even  when  the  speed  is  low. 

Other  Items  of  Interest 

0909     A  Geolaserfor  Mapping  Planar  Geologic  Features  in  Deep  Underground 

Mines  (Licensing  Opportunity) 
091 1     PC  Database  for  Evaluating  Refrigerants  Announced 
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Technology  Fact  Sheet 

U.S.  Air  Force 


Small  Envelope  Tube  Swaging  Tools 


SYNOPSIS 

Hand-held,  small  envelope  swaging  tools  are  used  to  install 
"crimp-type"  fittings  for  the  connection  of  metal  aerospace  tubing. 
This  reduced  sized  tooling  permits  tubing  repair  in  confined 
spaces  of  aircraft  and  eguipment.  The  tool  operates  with  a 
10,000  psi  manual,  pneumatic  or  electric  pump  (pictured  on 
reverse).  Also  featured  is  a  "snap-on"  head  assembly  attachment 
which  eliminates  the  knurled  nut  tightening  procedure  reguired  with 
previous  tools.  The  swaging  tool  also  incorporates:  snap  together 
head  assembly  with  fail-safe  end  plates;  positive  assembly  system 
to  preclude  die  mismatch;  snap-on  lower  die  block  for  one-hand  ope- 
ration; swivel  assembly  quick  disconnects  for  greater  angle  acces- 
sibility; and  a  lightweight  and  highly  flexible  hydraulic  hose. 

To  operate  these  tools,  simply  position  the  head  assembly  on  the 
fitting  and  tube,  actuate  the  power  unit  and  the  dies  will  compress 
to  swage  the  fitting. 

APPLICATIONS 

Fielded:  B-IB,  A-10,  F-15,  and  F-18 


SWAGING  TOOL 


AIR  FORCE  R&M  2000  GOAL.  HIGHLIGHTS 

Increased  Combat  Capability:  Improved  usability  in  confined  compartments.  Yields  faster  equipment  turnaround  time. 
Decreased  Manpower  Requirements:  Reduced  need  for  unit  disassembly  (i.e.  267  raan-hours  were  saved  by  not  removing  A-10 
wing). 

BENEFITS/DRAWBACKS 

The  small  envelope  lool  series  increases  the  capabiliLy  to  repair  damaged  tubing  lines  particularly  in  hard-to-access  areas. 
They  are  equipped  with  a  swivcling,  quick  disconnect  which  provides  greater  installation  angle  flexibility.  Features 
incorporated  into  the  small  envelope  tube  swaging  design  also  prevent  installation  error.  A  tongue  and  groove  ledge 
accepts  mating  of  head  assembly  and  power  unit  in  only  one-way.  This  prohibits  a  mis-assembly  of  the  parts.  Matching 
knurled  surfaces  on  one  side  of  the  power  unit  and  head  assembly  allows  the  user  to  "feel"  for  proper  mating.  Snap  in 
lower  die  blocks,  once  a  separate  installation  procedure  in  previous  tools,  are  now  eliminated.  Ldwcr  die  blocks  arc 
mounted  on  the  power  unit. 
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The  small  envelope  lube  swaging  tool  was  used  at  McClcllan  AFB,  CA  and  England  AFB,  LA  on  an  A- 10  aircralt,  which 
had  an  inaccessible  wing  hydraulic  leak.  Prior  lo  ihe  use  of  Uie  small  envelope  swaging  lool,  the  repair  procedure  rcciuircd 
wing  assembly  removal.  The  wing  removal/replacement  process  consumed  267  man-hours.  Using  ihc  small  envelope 
swaging  tool,  the  hydraulic  leak  task  was  completed  in  under  20  minutes.   In  a  field  environment,  this  process  could       i 
eliminate  the  many  system  operational  checks  and  reduce  aircraft  down  time. 


Some  concerns  are:  the  completed  swaged  fitting  requires  a  "go-nogo"  gage  to  check  finished  dimensions  for  acceptable 
swages,  and  the  manufacturer  notes  that  the  small  envelope  installation  tools  require  a  different  pump  to  actuate  the  tools 
and  are  definitely  not  interchangeable  with  previous  D 12000  series  tools.  The  small  envelope  installation  tools  require 
10,000  psi  manual,  elccu-ic  or  pneumatic  pumps  to  operate  while  the  previous  D12000  series  tools  used  5,500  psi  pumps. 


DOCUMENTATION 

Call  DEUTSCH  Metal  Components,  1-800-338-8724  for  a  coraplete  listing  of  units  and  kits. 


PUMP  SELECTION 
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10  000  PSI     5  lbs. 


't*«v  ■{Otin'e 


•«%, 


0LT07MAPE1000 

ficrtrit  npff.ition 
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OLT02MAPP10M 
10.000  PSI    18  lbs 


TECHNOLOGY  CONTACTS 

Office:  HQ  TAC/LGMF-10,  Langley  AFB,  VA  23665 

CMSgt  M.E.  Smith, Jr.  (A-10  Functional  Manager) 
AUTOVON:  574-5365 
Conn:  (804)  764-5365 


USER  CONTACTS 

Office:  SM-ALC/MMSRD,  HcClellan  AFB,  CA  95652-5609 

Mr  Lee  Johnson  (Aerospace  Engineer) 
AUTOVON:  633-2822 
Conun:  (916)  643-2822 


Office:  Douglas  Aircraft  Company 

Hr  Howard  Whetro  (Hydraulic  Staff  Engineer) 
3855  Lakewood  Blvd,  Long  Beach,  CA 
Coram:  (213)  593-3594 


Office:  McDonnell  Douglas  Helicopters 

Mr  Brian  Rogers  (Supv.  Hydraulics  Mfg.) 
5000  E.  McDowell,  Mesa,  AZ  82505-9797 
Coram:  (602)  891-5045 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Acquisition  Logistics  Division,  Joint  Technology  Applications  Office  (ALD/JTT).  Determining 
the  feasibility  of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation 
of  system  requirements  and  the  capabilities  provided  by  the  technology.  For  further  information  on 
the  subject  technology,  please  contact  the  listed  organizations.  Comments  or  questions  about  the 
Techology  Transfusion  Opportunities  Program  are  welcomed  and  should  be  addressed  to  ALD/JTT, 
Wright-Patterson  AFB,  OH  45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 


Technology  Application 

Ames  Laboratory 


CATALYSTS  IMPROVE  INDUSTRIAL  PROCESSES 


Hydrodesulfurization,  the  catalytic  process  that  removes  organically  bound  sulfur  from 
crude  oil,  is  one  of  the  largest  volume  industrial  processes  in  the  United  States.  Conventional 
hydrodesulfurization  catalysts  consist  primarily  of  molydenum  disulfide.  However,  these 
catalysts  have  relatively  high  oxidation  states  that  may  not  be  optimal  for 
hydrodesulfurization.  Further,  because  of  the  complex  and  amorphous  nature  of  these  catalysts, 
they  are  difficult  to  characterize,  and  scientists  have  not  been  able  to  identify  the  active  sites 
or  phases. 

Ames  Laboratory  scientists  have  developed  new  hydrodesulfurization  catalysts  using 
Chevrel  phases  that  show  superior  activity  and  selectivity,  thus  conserving  large  volumes  of 
hydrogen  required  for  conventional  catalysts.  The  amount  of  hydrogen  that  can  be  saved  using 
these  catalysts  translates  into  hundreds  of  millions  of  dollars  annually. 

One  of  the  most  important  characteristics  of  these  Chevrel  compounds  is  that  their 
oxidation  state  is  between  +2  and  +2  2/3,  rather  than  +4.  This  low  oxidation  state  is  believed  to 
be  responsible  for  the  superior  catalytic  properties  of  Chevrel  phases. 

Other  advantages  derive  from  the  structure,  which  is  very  different  from  conventional 
catalysts.  Distorted  molydenum  octahedra  have  apexes  which  lie  slightly  outside  the  face 
centers  of  a  distorted  cube  of  sulfur  atoms.  This  structure  makes  it  possible  to  insert  small, 
medium  or  large  metal  cations  into  the  position  where  they  will  promote  the 
hydrodesulfurization  process.  Over  40  metals  may  be  incorporated  into  the  Chevrel  phase 
structure  which  makes  it  possible  to  design  a  wide  range  of  promotional  activity  into  the 
catalyst. 


Literature:  M.  E.  Ekman,  J.  W.  Anderegg,  and  G.  L.  Schrader,  "Reduced  Molydenum  Formal 

Oxidation  States  in  Hydrodesulfurization  Catalysis  by  Chevrel  Phases,"  Journal  of  Catalysis, 

Vol.  117,  pp  246-247,  1989. 

Patent/License  Status:  U.S.  Patent  No.  4,560,470. 

Potential  Application/Spinoffs:    Chevrel  phases  have  application  in  hydrodesulfurization 

and  hydrodcnitrogenation  of  petroleum  distillates,  coal-derived  liquids,  and  residual  oils. 

Flue  gas  desulfurization  is  another  potential  application. 

For  More  Information  on  this  Technology:   Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 

Ames,  Iowa  50011  (515)294-2635. 
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METHOD  OF  RECOVERING  ADSORBED  LIQUID  COMPOUNDS  FROM 
MOLECULAR  SIEVE  COLUMNS 


Ethanol  is  the  only  synthetic  fuel  produced  in  significant  quantities  in  the  United  States.  It 
can  be  concentrated  from  aqueous  solutions  such  as  fermentation  beer  and  then  be  used  as  a  motor 
fuel  or  mixed  with  gasoline  to  produce  gasohol.  However,  traditional  distillation  methods  for 
separating  ethanol  from  aqueous  solutions  require  large  amounts  of  heat  energy. 

Ames  Laboratory  chemists  have  developed  a  method  for  separating  ethanol.  In  this 
method,  ethanol  is  absorbed  onto  a  silicalite  molecular  sieve.  This  unusual  adsorbent  is 
hydrophobic  and  has  an  affinity  for  small  organic  molecules. 

In  carrying  out  the  process,  the  feed  stock  liquid  is  passed  through  a  column  filled  with 
silicalite.  By  this  method,  ethanol  with  a  purity  of  98  percent  is  retained  within  the  pores  of 
silicalite.  Adsorption  is  rapid,  selective,  and  efficient  over  a  wide  range  of  alcoholic  solution. 

Ethanol  is  then  recovered  from  the  sieve  by  heating  it  at  a  moderate  temperature,  applying 
a  vacuum,  or  stripping  it  with  a  gas  such  as  carbon  dioxide. 


Literature:  C.  D.  Chriswell  and  R.  Markuszewski,  "Use  of  a  Hydrophobic  Molecular  Sieve  for 
the  Separation  of  Alcohol  from  Dilute  Aqueous  Solutions,"  Interfacial  Phenomena  in 
Biotechnology  and  Materials  Processing,  edited  by  Y.  A.  Attia,  B.  M.  Moudgil  and  S.  Chandler, 
Elsevier  Science  Publishers,  ... 

Amsterdam,  1988.  '" 

Patent/License  Status:  U.S.  Patent  No.  4,277,635. 

Potential  Application/Spinoffs:  Recovery  of  residual  alcohol  from  fermentation  liquids. 
For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 
Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 
Ames,  Iowa  50011  (515)294-2635. 
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Robotics  and  Intelligent  Systems  Program 


Key  words:  Robotics:  intelligent  systems; 
remote  operations  and  maintenance; 
teleoperations;  hostile  environments;  space 
exploration;  nuclear  tuel  reprocessing 

The  Robotics  and  Intelligent  Systems  Program 
(RISP)  at  ORNL  is  a  focal  point  for  studies  in 
robotics,  teleoperations,  and  related  aspects  of 
intelligent  machines  (such  as  artificial  intelligence, 
neural  networks,  and  parallel  computing).  A 
number  of  RISP  projects  are  sponsored  by 
federal  agencies,  and  many  are  conducted  in 


collaboration  with  university  researchers.  RISP 
saves  money  for  its  research  sponsors  by  applying 
similar  technologies  to  different  projects  (Fig.  1 ) 
and  by  using  the  personnel,  research  capabilities, 
and  facilities  at  ORNL. 

RISP  research  focuses  on  extending  human 
senses  and  capabilities  into  hostile  or 
semistructured  environments  where  real-time 


Fig.  1.  (left)  Model  M-2  servomanipulators,  developed 
by  RISP,  assembling  a  truss  proposed  for  use  in  the 
NASA  space  station  project,  (right )  The  Advanced 
Servomanipulator  removing  a  pump  from  a  chemical- 
processing  system. 
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Fig.  2.  The  HERMIES  III  is  the  third  generation  of  a 
robot  that  is  being  developed  by  the  Center  for 
Engineering  Systems  Advanced  Research.  It  was 
designed  for  autonomous  behavior  in  hostile 
environments.  HERMIES  Hi  represents  the  combined 
application  of  robotics,  supercomputing,  artificial 
intelligence,  and  telecommunications. 


RISP  draws  much  of  its  support  from  two  major 
programs  at  ORNL:  the  Corrsolidated  Fuel 
Reprocessing  Program  (CFRP)  and  the  Center  for 
Engineering  Systems  Advanced  Research 
(CESAR).  CFRP  includes  the  Integrated 
Equipment  Test  Facility's  Remote  Operations  and 
Maintenance  System.  Research  projects  at 
CESAR  involve  the  Hostile  Environment  Robotic 
Machine  Intelligence  Experiment  Series 
(HERMIES)  (Fig.  2).  the  NCUBE  hypercube.  and 
a  cellular  automata  computer.  The  RISP  program 
office  may  be  contacted  for  details  of  RISP 
research  and  for  answers  to  questions  about  the 
program. 


Robotics  and  Intelligent  Systems  Program,  Oak  Ridge 
National  Laboratory  (June  1987). 


navigation,  manipulation,  and  surveillance  are 
required.  RISP  activities  are  organized  into  three 
areas,  each  of  which  is  in  turn  divided  into 
specialized  groups. 

•  The  robotics  and  teleoperations  area  includes 
robotic  mobility  and  manipulation,  robotic 
sensors  and  electronic  development,  and 
teleoperations  and  remote  systems  groups. 

•  The  machine  intelligence  and  advanced 
computer  systems  area  includes  groups 
specializing  in  planning,  reasoning,  and 
problem  solving;  neural  networks;  and 
multisensor  fusion. 

•  The  program  integration  and  project  overview 
has  as  its  goals  efficient  management  of 
resources,  quality  assurance,  and  timely 
completion  of  projects.  This  third  area  also 
coordinates  the  efforts  of  R&D  personnel  based 
on  areas  of  expertise. 


"Advanced  Servomanipulator  System,"  Bulletin  No. 
578,  Technology  Applications  Bulletins.  Oak  Ridge 
National  Laboratory. 

"  Roboticon:  Real-Time  Control  for  an  Autonomous 
Mobile  Robot,"  Bulletin  No.  601,  Technology 
Applications  Bulletins.  Oak  Ridge  National  Laboratory. 
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Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge.  TN  37831-8218 

Telephone:  (615)  574-4192:  FTS  624-4192 

RISP  Program  Office 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  2008 

Oak  Ridge.  TN  37831-6364 

Telephone:  (615)  574-6186:  FTS  624-6186 


U.S.  Navy  Technology  Application 

Paint  Spray  Booth  Wet-to-Dry  Conversion 


The  Navy  is  currently  exploring  methods  for  minimizing  hazardous  waste  generated  by  its 
industrial  activities.  One  method  now  ready  for  implementation  in  the  field  is  the  conversion 
from  wet  scrubber  to  dry  filter  operation  of  the  paniculate  emissions  control  (PEC)  systems 
installed  in  paint  spray  booths.  A  recent  feasibility  study  has  revealed  that  the  conversion  will 
significantly  reduce  hazardous  waste  production  and  associated  disposal  costs  without  adversely 
affecting  particulate  removal  efficiency  or  facility  operations.  The  Naval  Civil  Engineering 
Laboratory  (NCEL),  in  this  joint  project  with  the  Environmental  Protection  Agency  (EPA),  is 
currently  preparing  a  User's  Data  Package  covering  the  wet-to-dry  conversion.  This  document 
will  be  in  the  field  shortly.  The  Naval  Energy  and  Environmental  Support  Activity  (NEESA) 
has  taken  charge  of  implementing  this  technology  and  can  be  accessed  for  assistance. 

The  current  practice  for  controlling  emissions  from  painting  operations  is  the  use  of  a  circulated 
water  curtain.  A  typical  water  curtain  system  consists  of  a  large  collection  sump,  water  pumps, 
and  one  or  more  baffles.  Water  is  pumped  up  from  the  collection  sump  over  the  baffles  to 
produce  one  or  more  water  curtains,  depending  on  the  number  of  baffles.  The  air  is  scrubbed 
as  it  passes  through  the  water  curtain  and  is  then  vented  into  the  atmosphere.  The  water  forming 
the  curtain  falls  back  into  the  collection  sump  and  is  recirculated  until  it  becomes  too  foul  for 
further  use.  The  paint  sludge  collected  in  the  bottom  of  the  pump  is  a  soft  gelatinous  mass  of 
agglomerated  aerosol  that  must  be  vacuum  transferred,  stored  in  containers,  and  disposed  of  as 
hazardous  waste.  The  scrubber  water  is  normally  sent  to  an  industrial  waste  treatment  plant 
(IWTP)  resulting  in  an  additional  amount  of  hazardous  paint  sludge  needing  disposal. 

There  are  many  types  of  dry  filter  systems  on  the  market,  but  all  operate  on  the  same  principle. 
Particulate-laden  air  flowing  towards  the  filter  media  is  forced  to  rapidly  change  directions.  The 
particulate,  having  more  inertia  than  the  surrounding  air,  impacts  the  filter  media  and  is  removed 
from  the  air  flow.  The  scrubbed  air  is  then  vented  to  the  atmosphere.  The  filters  are  generally 
rolled  or  framed  paper,  fabric,  or  fiberglass  that  can  be  removed,  dried,  and  disposed  of  in 
landfills.  Depending  on  the  type  and  condition  of  paint  used  and  individual  state  laws,  the 
spent  filters  can  be  classified  hazardous  or  nonhazardous.  However,  in  the  great  majority  of 
cases  concerning  Navy  activities,  the  filters  are  considered  nonhazardous  if  adequately  dried. 
This  is  due  to  the  fact  that  most  states  consider  filters  that  can  be  air  or  oven  dried  and  made 
nonleachable  to  be  equally  nonhazardous  as  an  empty  paint  can  or  painted  equipment  part. 

Both  the  water  curtain  and  dry  filter  systems  are  designed  to  remove  paint  particulates  only 
and  do  not  significantly  reduce  the  VOCs  emitted  to  the  atmosphere.  Because  of  increasingly 
stringent  federal,  state,  and  local  environmental  protection  regulations,  it  may  be  necessary  in 
the  future  to  install  a  VOC  emissions  control  system  downstream  of  the  PEC  system.  However, 
it  should  be  noted  that  the  VOC  systems  using  such  items  as  activated  carbon  beds  and/or 
ultraviolet  light  can  be  installed  without  modifying  the  PEC  system. 

With  some  facility  modification,  the  water  curtain  PEC  systems  used  in  both  down-draft 
and  cross-draft  paint  booths  can  be  converted  to  dry  filter  operation.  Wet-to-dry  paint  booth 
conversion  will  furnish  the  following  benefits:  Dry  filter  systems  have  lower  associated 
hazardous  waste  disposal  costs.  The  energy  demand  for  operating  dry  filter  systems  is  lower 
than  water  curtain  systems.  Unlike  water  curtain  systems,  which  tend  to  rust  easily,  dry  filter 
systems  do  not  dei>.riorate  with  age  if  properly  maintained.  Dry  filter  systems  are  more  reliable 
and  easier  to  maintain  than  water  curtain  systems.  The  paint  booth  working  conditions  are  often 
greatly  improved  with  conversion  due  to  the  elimination  of  water  curtain  sump  odor. 
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Hazardous  waste  from  paint  booth  operation  may  be  decreased  by  as  much  as  100%  without 
adversely  affecting  production  or  increasing  downtime.  A  cost/benefit  study  has  detennined 
that  converted  paint  booths  ranging  in  size  from  small  to  moderately  large  have  a  payback  period 
ranging  from  8  months  to  1.9  years.  Large  booths  (100  feet  or  longer)  must  be  evaluated  on 
a  case-by-case  basis,  but  it  is  very  likely  that  only  slightly  longer  payback  periods  would  be 
applied  to  the  larger  booths  than  for  smaller  booths.  There  is  little  if  any  doubt  about  the 
technical  and  economic  feasibility  of  wet-to-dry  conversion  of  paint  spray  booth  PEC  systems 
operating  at  Naval  shipyards  and  aviation  depots. 

FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Jerry 
Dummer,  Code  L03C,  Facilities  Engineering  Support  Office,  Naval  Civil  Engineering 
Laboratory,  Port  Hueneme,  CA  93043;  (805)982-4070.  Refer  to  Techdata  sheet  90-02/rN. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


ASTM  Approves  NIST  Cone  Calorimeter  as  Standard 


"How  big  is  the  fire?"  is  a  question  commonly  asked  by  furniture  manufacturers  regarding 
the  burning  behavior  of  their  product.  ASTM,  a  U.S.  voluntary  standards  organization, 
has  approved  a  test  method  (El 354)  that  will  help  answer  that  question.  Based  on  a  device 
developed  by  researchers  in  the  NIST  Center  for  Fire  Research,  it  provides  the  data  critical 
to  predicting  the  fire  hazard  of  a  product  from  a  small  sample  of  material.  Traditionally, 
manufacturers  conduct  full-scale  bum  tests  on  a  new  piece  of  furniture  to  detemiine  its  burning 
behavior.  As  a  more  efficient  and  less  costly  alternative,  the  NIST  cone  calorimeter  provides 
more  information  than  many  full-scale  tests  and  at  a  reduced  cost.  It  measures  the  heat  released 
and  rate  at  which  it  is  released,  the  time  it  takes  for  a  material  to  ignite,  the  amount  of  smoke 
produced,  and  the  amount  of  several  known  toxic  gases. 

FOR  ADDITIONAL  INFORMATION:  Media  Contact:  Jan  Kosko,  301/975-2762. 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Double-Swivel  Mechanism  for  Reliable  Release 

This  mechanism  functions  even  if  two  out  of  three  elements  fail. 


A  double-swivel  toggle  mechanism  re- 
leases large,  heavy  objects  reliably.  The 
double-swiveling  action  of  the  mechanism 
ensures  that  it  clears  restraining  pins  upon 
release. 

An  upper  ball  on  the  toggle  fits  in  a  ball 
socket  on  the  object  to  be  released  while  a 
lower  ball  fits  in  a  ball-socket  ring.  Three 
pins  retain  the  ring  by  its  flange  (see  figure). 
When  the  time  comes  to  release  the  ob- 
ject, the  pins  are  withdrawn  by  springs  or 
pyrotechnic  devices. 

Ordinarily  all  three  pins  are  withdrawn 
simultaneously  and  the  toggle  and  object 
are  ejected  by  springs.  If  a  malfunction  oc- 
curs, however,  and  one  or  two  pins  re- 
main(s)  in  place,  the  toggle  action  still  re- 
leases the  object.  The  toggle  swivels  so 
that  it  rotates  clear  of  the  unreleased  pins. 
The  lower  ball  cannot  transmit  a  moment 
to  the  object  that  would  cause  the  mecha- 
nism to  twist  on  the  remaining  pins  and 
lock  on  them  in  a  way  that  would  prevent 
release. 


INITIAL  MOTIN  AFTER  WITHDRAWAL  OF  ONE  OR  TWO  PIN(S) 


The  pins  are  straight  cylinders.  They  are 
not  tapered  at  their  tips,  where  they  meet 
the  toggle-ring  flange.  This  provision 
eliminates  forces  that  would  tend  to  cause 
inadvertent  or  premature  release. 

This  work  was  done  by  Guy  L  King 
and  William  C.  Schneider  of  Johnson 
Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21436/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Cede  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Pins  Retain  the  Toggle  and  Its  Load. 

If  a  pin  fails  to  v^ithdraw  at  the  desig- 
nated time  for  releasing  payload,  the 
toggle  swivels  about  its  upper  ball,  and 
the  ring  swivels  about  the  lower  ball  so 
that  the  ring  flange  clears  the  failed  pin. 
The  double-swiveling  action  ensures  dis- 
engagement even  if  two  pins  fail  to 
withdraw. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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IVJASATech  Brief 

National  Aeronautics  and 

Space  Administration 

Goddard  Space  Flight  Center,  Greenbelt,  Maryland 


Automatic  Refilling  System  for  Liquid  Helium 

Cryogenic  experiments  can  be  left  unattended  for  days. 


A  system  automatically  replenishes  liq- 
uid helium  in  a  cryogenic  experimental  ap- 
paratus as  the  liquid  evaporates.  With  the 


apparatus,  experiments  can  run  unattend- 
ed —  during  weekends,  for  example  — 
with  less  risk  that  the  temperature  will  rise 


Vent 


To  Helium-Gas 
Cylinder 
To  storage  jq  storage 

Dewar  Dewar 

Valve  Positions: 

A:  Transferring  Liquid  Helium 
B:  Venting  Helium  Gas 


To  Helium-Gas 
Cylinder 


Computer 


Liquid-Helium-Level 
Sensors:  Silicon 

Resistance 
Thermometers 
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Transfer  Tube  -^ 

\  ULlJiJ 
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Solenoid-Operated 
Valve 
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Liquid 
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Storage  Dew/ar 


Cylinder  Containing 

Pressurized  Helium 

Gas 


Experimental  Dewar 

Figure  1.  The  Automatic  Filling  System  transfers  liquid  helium  from  a  storage  vessel  to  an 
experimental  apparatus  under  computer  control.  Gaseous  helium  from  a  cylinder  supplies 
the  pumping  pressure. 


above  the  4.2-K  boiling  point  of  helium  for 
lack  of  coolant. 

A  microcomputer  monitors  the  level  of 
helium  in  the  Dewar  vessel  in  the  experi- 
mental apparatus  (see  Figure  1 ).  When  the 
liquid  helium  falls  to  a  preset  level,  the 
computer  commands  the  transfer  of  liquid 
from  a  storage  Dewar  to  the  experimental 
Dewar  by  commanding  the  pressurization 
of  the  storage  vessel  with  helium  gas  from 
a  cylinder  When  the  level  of  the  liquid 
helium  in  the  experimental  Dewar  rises  to 
a  preset  maximum,  the  computer  com- 
mands the  flow  of  gas  to  the  storage 
Dewar  to  stop  and  thus  stops  the  transfer 
of  liquid  to  the  experiment. 
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Figure  2.  This  Circuit  Senses  the  Level  of 
Liquid  Helium  by  sensing  the  voltage 
across  measuring  resistors  in  series  with 
silicon  resistance  thermometers  (SRT's).  A 
low  voltage  indicates  that  an  SRT  is 
covered,  while  a  high  voltage  indicates  that 
it  is  uncovered. 
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Six  silicon  resistance  thermonneters 
(SRT's)  sense  the  level  of  liquid  helium  for 
the  computer.  The  SRT's  are  mounted 
about  5  in.  (12.7  cm)  apart  on  a  vertical  rod 
in  the  experimental  Dewar.  The  SRT's  are 
connected  in  parallel  to  a  source  of  volt- 
age, and  each  is  connected  in  series  with  a 
measuring  resistor  (see  Figure  2).  The 
SRT's  immersed  in  liquid  helium  are  colder 
and,  therefore,  have  resistances  higher 
than  those  of  the  SRT's  above  the  liquid. 
Consequently,  the  currents  through  the  im- 
mersed SRT's  and  the  voltages  across 
their  measuring  resistors  are  less  than 
those  of  the  SRT's  above  the  liquid. 

The  minimum  allowable  level  of  liquid  is 
programmed  into  the  computer.  When  the 
SRT's  signal  that  the  liquid  has  fallen  to  that 
level,  the  computer  activates  a  solenoid 


valve  through  a  digital-to-analog  interface, 
which,  in  turn,  activates  the  solenoid  valve 
that  pressurizes  the  storage  Dewar.  The 
pressure  of  the  gas  pushes  liquid  helium 
out  of  the  storage  vessel,  through  a  trans- 
fer tube,  and  into  the  experimental  Dewar. 
As  the  liquid  helium  fills  the  experimen- 
tal Dewar,  it  covers  the  SRT's  in  succes- 
sion until  it  reaches  the  programmed  maxi- 
mum level.  At  this  point,  the  computer  cuts 
power  to  the  solenoid  valve,  and  a  spring 
returns  the  valve  to  its  nontransfer  position, 
where  it  connects  the  storage  Dewar  to  a 
vent.  The  excess  helium  gas  then  leaves 
through  the  vent,  and  the  flow  of  liquid 
helium  ceases.  The  valve  remains  in  the 
vent  position  so  that  vapor  evolving  from 
the  liquid  can  escape;  because  the  valve  is 
spring-loaded,  the  vent  stays  open  even  if 


electrical  power  fails. 

If  the  storage  Dewar  runs  out  of  liquid, 
the  computer  continues  to  send  w^rm  heli- 
um gas  into  the  empty  storage  vessel.  It  is, 
therefore,  necessary  to  be  sure  that 
enough  liquid  is  stored  for  the  expected 
period  of  unattended  operation.  Alterna- 
tively, the  computer  can  be  programnned  to 
stop  the  flow  of  pressurizing  gas  if  the 
SRT's  indicate  that  the  level  of  liquid  in  the 
experimental  Dewar  is  falling  during  an  at- 
tempted refill. 

This  work  was  done  by  Aristides 
Serlemitsos,  Mark  SanSebastian,  Jay 
Geagen,  and  Brent  Warner  of  Goddard 
Space  Flight  Center.     GSC-13270/TN 
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Improved  Analysis  of  Heat-Pulse  Data 

Calculations  of  thermal  diffusivity  and  heat  capacity  take 
account  of  exponential  pulses  and  losses  of  heat. 


Equations  have  been  derived  to  innprove 
the  analysis  of  experimental  data  in  the 
flash  method  for  the  measurement  of  ther- 
mal diffusivity  and  heat  capacity.  In  the 
flash  method,  a  pulse  of  radiant  energy 
from  a  flashlamp  or  other  source  is  de- 
posited on  the  front  face  of  a  small,  thin 
specimen,  and  the  temperature  of  the  rear 
face  is  monitored  as  a  function  of  time. 
Previous  analyses  have  accounted  for 
losses  of  heat  from  the  specimen  and  for 
pulses  of  various  shapes  and  finite  dura- 
tions. The  new  equations  account  for  both 
losses  and  exponentially  decaying  pulses. 

The  mathematical  model  is  based  on  a 
flat  slab  specimen  of  thickness  c/ of  infinite 
lateral  extent.  The  rate  of  loss  of  heat  to  the 
surroundings  is  considered  to  be  propor- 
tional to  a  dimensionless  heat-loss  param- 
eter L  and  to  the  difference  between  the 
temperature  of  the  surface  of  the  speci- 
men and  the  ambient  temperature.  The 
thermal  parameters  of  the  specimen  are 
the  thermal  diffusivity  a  and  the  thermal 
time  constant,  t^  =  d^la.  The  difference 
between  the  final  temperature  that  the 
specimen  would  attain  if  there  were  no  loss 
of  heat  (if  L  were  zero)  and  the  ambient 
temperature  is  represented  by  T^.  The 
pulse  on  the  front  face  of  the  specimen 
begins  at  time  t  =  0  and  decays  exponen- 
tially with  a  time  constant  t. 

For  this  model,  the  exact  solution  of  the 
one-dimensional  heat-diffusion  equation  is 


miT^  =  2^ 


n  =  0 


Pn 


exp(-/3^f/f^)-exp(-f/T) 

'  n      c 


where  7"(0  is  the  difference  between  the 
temperature  on  the  rear  surface  of  the 
specimen  at  time  t  and  the  ambient  tem- 
perature, and  the  p^  are  the  positive  roots 
of 

(/?2-L^tan(/?)  =  2LP 
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Thennal  DIffuslvltles  as  functions  of  temperature  were  calculated  from  flash-method  meas- 
urements on  p-type  Sig gGeQ2  specimens  of  five  different  thicknesses.  The  upper  curve  was 
calculated  from  the  experirhental  data  under  the  assumptions  of  no  loss  of  heat  and  zero- 
duration  pulse.  The  upper  curve  includes  the  corrections  for  the  loss  of  heat  and  the  ex- 
ponential decay  of  the  pulse. 


If  r/f^  is  small  and  when  f/x  is  sufficiently         ^  /d^  =  0.13875[1  - 


is  the  time  at  vvtiich  T 


large,  the  exact  equation  can  be  used  to 
derive  the  following  equations  for  the  ap- 
proximate thermal  diffusivity  a^  and  for  the 
approximate  value  T^^  of  the  maximum 
temperature  rise  T 


andf,/j  is  the 


exp(1.8078-1.2407x)]/y 
and 
T^g/T^  -  1  -exp(2.608-1.2841x) 

where x  =  (f ^ - t)/(/ , ,  -j\y  =  X , ,  - x, f ^ 


time  at  which  J  =  TJ2.  The  heat  capacity 
of  the  specimen  can  be  calculated  exactly 
from  C  =  0/7"oo  or  estimated  from  C  = 
(T^/TJ)Q/T^,  where  0  is  the  amount  of 
heat  deposited  in  the  specimen. 
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The  figure  shows  the  results  of  meas-  and  the  finite  duration  and  decay  in  the  This  work  was  done  by  C.B.  Vining,  A. 

urements  taken  on  five  specimens  of  p-  pulses,  the  scatter  in  the  calculated  values  Zoltan,  andJ.W.  Vandersande  of  Caltech 

type  SiQgGeo2-  In  the  lower  curve,  where  of  thermal  diffusivity  is  only  2  percent.  for  NASA's  Jet  Propulsion  Laboratory. 

the  data  are  corrected  for  the  loss  of  heat  NPO-17729/TN 
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Heteropolar  Magnetic  Suspension 

A  compact  permanent-magnet/electromagnet  actuator  has  six  degrees  of  freedom. 


A  tieteropolar  magnetic  actuator  has 
been  conceived  for  use  as  an  actively  con- 
trolled vibration-isolating  suspension  de- 
vice. The  actuator  would  exert  forces 
along,  and  torques  about,  all  three  principal 
coordinate  axes  to  resist  all  three  compo- 
nents of  translational  vibration  and  all  three 
components  of  rotational  vibration. 

The  actuator  has  a  cylindricalty  symnnetri- 
cal  design  partly  reminiscent  of  both  a  loud- 
speaker voice  coil  and  an  electric  motor.  An 
outer  cylinder  holds  several  four-pole  sets 
of  sectors  of  cyiindrically  symmetrical  per- 
manent magnets,  which  generate  radial 
magnetic  fields.  An  inner  cylinder,  which 
moves  freely  with  respect  to  the  outer 
cylinder,  includes  a  magnetic  return  path 
(see  Figure  1).  Mounted  on  the  inner 
cylinder  in  the  airgap  between  the  perma- 
nent magnets  and  the  magnetic  return 
path  are  six  layers  of  electromagnet  coils 
oriented  variously  along  the  principal 
Cartesian  and  cylindrical  coordinate  axes 
(see  Figure  2). 

Because  the  interaction  of  a  radial  mag- 
netic field  with  an  electric  current  does  not 
produce  a  radial  force,  the  use  of  the  radial 
magnetic  fields  eliminates  undesired  radial 
decentering  forces.  Furthermore,  there  is 
no  spurious  force  produced  by  the  interac- 
tion of  the  radial  magnetic  field  with  radial 
currents  (such  as  those  in  connecting  wires). 

Each  of  the  six  layers  of  electromagnet 
coils  is  designed  so  that  the  current  in  it  in- 
teracts with  the  local  radial  magnetic  fields 
to  produce  the  desired  Cartesian  compo- 
nent to  force  or  torque.  For  example,  in  the 
coil  shown  in  the  top  left  pari  of  Figure  2, 
the  currents  flowing  along  the  Z  axis  pro- 
duce a  force  along  the  X  axis,  while  the  cur- 
rents flowing  azimuthally  produce  zero  net 
force  along  the  Z  axis. 

The  design  of  the  actuator  is  based  in 
pari  on  the  requirement  that  it  produce  a 
specified  force  with  an  airgap  large  enough 
to  allow  the  required  stroke.  The  design  is 
also  dictated  by  the  magnetic  and  me- 
chanical properties  of  the  magnetic  core 
and  permanent-magnet  materials  and  the 
electrical  and  mechanical  properties  of  the 
wires.  A  typical  core  material  would  be 
1018  cold-rolled  steel.  Nonmagnetic  parts 
could  be  made  of  lightweight  materials  like 
aluminum.  Coils  could  be  made  of  copper 
wire.  A  typical  permanent-magnet  material 
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Magnetic 


Nonmagnetic 
Structure 


Back 
Iron 


Figure  1 .  The  Inner  Cylinder 

is  suspended  magnetically 
within  the  outer  cylinder. 
Electro-magnet  coils  (shown 
in  Figure  2)  interact  with  the 
fields  of  the  permanent  mag- 
nets to  provide  active  control 
of  the  suspending  force  and 
torque. 


Note:  **N"  and  "S"  denote  magnet 
north  and  south,  respectively 


XAXIS'TOROUE  COILS 

Notes  1     B"  denotes  local  radial  magnetic. Ilux  density, 

2  "f"  denotes  lorce 

3  "t"  denotes  torque 


Z'AXIS.TORQUE  COILS 

4,  X,  Y.  and  Z  alone  and  as  subscripts  denote 
the  Cartesian  coordinate  axes, 

5,  Arrows  In  colls  denote  directions  of  currents 


Figure  2.  Sets  of  Electromagnet  Colls  are  shaped  and  oriented  on  the  inner  cylinder 
to  produce  the  Cartesian  components  of  suspending  force  and  torque.  The  coils  for 
the  Y  force  and  torque,  which  are  not  shown,  are  similar  to  those  for  the  X  and  Z  force 
and  torque. 


would  be  Sm.fo^y.  the  use  of  permanent 
magnets  not  only  helps  make  the  actuator 
compact  but  also  eliminates  the  consump- 
tion of  power  in  ohmic  heating  of  conven- 
tional field  windings. 


This  work  was  done  by  Kathleen  Miso- 
vec,  Bruce  Johnson,  James  Downer 
David  Eisenhaure.  and  Richard  IHockney 
of  SatCan  Technology  Corp.  for  Marshall 
Space  Flight  Center 
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Inertia-Wheel  Vibration-Damping  System 

Known  vibrational  nnodes  would  be  damped  sequentially. 


A  proposed  electromechanical  system 
would  damp  vibrations  in  a  large,  flexible 
structure.  Altfiough  the  system  is  intended 
primarily  for  use  in  a  spacecraft  that  has 
large,  flexible  solar  panels  and  a  science- 
instrument  truss  assembly  it  embodies  a 
principle  of  control  that  is  interesting  in  its 
own  right  and  may  be  adaptable  to  terres- 
trial structures,  vehicles,  and  instrument 
platforms. 

In  the  example  of  Figure  1,  the  structure 
includes  three  main  flexible  appendages 
connected  to  a  rigid  module.  The  rigid 
module  and  the  tips  of  the  appendages  are 
instrumented  with  accelerometers  in  all 
three  coordinate  axes.  Rate  gyroscopes 
and  accelerometers  normally  carried  by 
the  spacecraft  attitude-control  and  propul- 
sion systems  can  also  be  utilized.  The  tips 
of  the  appendages  are  also  equipped  with 
reaction  wheels  driven  by  dc  motors  in  all 
three  coordinate  axes.  The  appendage  tips 
are  an  ideal  place  to  locate  sensing  and 
torquing  elements  because  the  tips  are 
never  in  a  vibration  mode. 

The  vibrational  velocity  of  the  tip  of  each 
appendage  would  be  computed  by  inte- 
grating the  difference  between  the  outputs 
of  the  accelerometers  at  the  tip  and  the  ac- 
celerometers in  the  rigid  module.  To  a  first 
approximation,  the  motor  and  reaction 
wheel  dedicated  to  damping  vibrations 
about  a  given  axis  would  produce  reaction 
torques  that  oppose  those  vibrations  when 
the  motor  is  excited  by  an  opposing  voltage 
proportional  to  the  corresponding  compo- 
nent of  linear/angular  velocity. 

Figure  2  illustrates,  in  greater  detail,  the 
processing  of  accelerometer  outputs  into 
motor-control  signals  for  one  axis.  The 
differential-acceleration  signals  would  first 
be  integrated  to  obtain  the  velocity  signal, 
then  simultaneously  band-pass  filtered  at 
the  frequencies  of  n  known  modes  of  vibra- 
tion of  the  particular  structure  about  the 
particular  axis.  When  the  velocity  signal  in 
each  modal  channel  exceeded  a  predeter- 
mined threshold,  it  would  be  fed  to  a  com- 
pensation network,  which  would  condition 
it  for  proper  phasing  for  use  by  the  motor. 
After  conditioning,  the  signal  would  be 
amplified  by  an  amount  appropriate  for 
each  mode. 

The  amplified  signal  for  each  modal 
channel  would  be  fed  to  the  motor  through 
a  stepping  switch.  Once  the  velocity  signal 


Accelerometers 
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Module 


Figure  1 .  In  the  Active  Vibra- 
tion-Damping System  mo- 
tors and  reaction  wheels  at 
the  tips  of  appendages 
would  apply  reaction  torques 
in  response  to  signals  from 
accelerometers. 


Figure  2.  The  Velocity  Signal 
for  Vibrations  About  One 
Axis  would  be  processed  in- 
to a  control  signal  to  oppose 
each  of  n  vibrational  modes. 
The  various  modes  would  be 
suppressed  one  at  a  time. 
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in  each  modal  channel  was  reduced  below 
the  threshold,  the  switch  would  step  to 
another  channel.  The  switch  could  be  con- 
trolled by  either  sequential  stepping  logic 
or  by  highest-modal-vibration-energy  logic. 
Thus,  a  single  accelerometer-inertia  wheel 
could  be  used  to  damp  several  vibration 


modes  about  one  axis  sequentially  If  a 
three-axis  damper  (two  orthogonal  direc- 
tions for  bending  and  a  third  axis  for  tor- 
sion) is  on  each  of  the  major  appendages 
of  the  spacecraft  (see  Figure  1),  with  ap- 
propriate logic  coordinating  the  dampers, 
then  all  of  the  significant  system  vibration 
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modes  can  be  damped. 

This  work  was  done  by  Joseph  F.  Fedor 
of  Goddard  Space  Flight  Center. 
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Impact  Wire  Dislodges  Obstructions 

Inaccessible  debris  are  broken  or  shaken  loose  by  impact. 


A  snakelike  tool  loosens  trapped  debris 
that  obstruct  narrow  passages  in  normally 
inaccessible  locations.  The  tool  is  de- 
signed for  use  in  the  narrow,  intricate  cool- 
ant channels  of  a  rocket  engine.  The  tool 
lends  itself  readily  to  modification  for  use  in 
engine  blocks,  heat  exchangers,  general 
plumbing,  and  the  like. 

The  tool  includes  a  long  polytetrafluoro- 
ethylene  outer  tube  that  contains  a  corro- 
sion-resistant stainless-steel  inner  tube 
covered  with  polytetrafluoroethylene.  The 
working  end  of  the  inner  tube  may  have  to 
be  bent  to  fit  the  narrow  space  in  which  it  is 
to  be  used.  The  inside  of  the  inner  tube  is 
lined  with  polytetrafluoroethylene. 

The  obstruction  is  located  by  a  radio- 
graphic, infrared,  or  other  suitable  inspec- 
tion technique.  Together  with  a  borescope, 
the  tool  is  threaded  into  the  blocked  chan- 
nel until  the  working  end  approaches  the 
obstruction.  Magnets  can  be  attached  to 
the  working  end  of  the  outer  tube  to  enable 
It  to  be  pulled  along  the  channel  from  out- 
side. If  the  outer  tube  is  prevented  by  the 
size  of  the  channel  from  moving  farther,  the 


inner  tube  can  be  pushed  farther  in  through 
the  outer  tube. 

A  manual  impact  mechanism  is  attached 
to  the  outer  end  of  the  stainless-steel  tube. 
A  copper-coated  stainless-steel  wire  is  fed 
through  the  impact  mechanism  into  and 
along  the  inner  tube  until  it  emerges  at  the 
working  end.  The  working  end  of  the  wire  is 
capped  with  polytetrafluoroethylene  to 
keep  it  from  scratching  the  wall  of  the 
channel. 

With  the  help  of  the  borescope,  the  tip  of 
the  wire  is  guided  into  contact  with  tne  ob- 
struction. The  impact  mechanism  is  then 
used  to  apply  an  impact  load  to  the  wire; 
and  the  wire,  in  turn,  strikes  the  obstruc- 
tion, hopefully  breaking  it  loose.  The  dis- 
lodgement  of  the  obstruction  should  be  vis- 
ible through  the  borescope.  The  removal  of 
debris  is  completed  by  flushing  the  pas- 
sage at  a  high  rate  of  flow  and  verified  by 
radiographic  or  other  suitable  inspection. 

This  work  was  done  by  Steven  K.  Hicklefs 
and  Jeffrey  E.  Anders  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center.  MFS-29513/TN 


The  Flexible  Tool  is  threaded  into  the 
obstructed  channel,  much  like  a  comnnon 
plumbing  snake.  The  wire  is  fed  along  the 
inner  tube  of  the  tool  until  its  tip  reaches 
the  obstruction.  The  wire  delivers  an  im- 
pact from  the  impact  tool  to  the 
obstruction. 
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Jam-Resistant  Cutters  for  Emergency  Separation 

Redundant  vented  pyrotechnics  yield  reliable,  clean  cuts. 


A  pyrotechnic  emergency-separation 
system  includes  shaped  explosive  charges 
that  sever  a  pair  of  hinges.  In  the  applica- 
tion for  which  it  was  conceived,  the  system 
ensures  reliable  opening  of  an  escape 
hatch.  Two  pairs  of  cutters  are  provided  for 
each  hinge  so  that  if  one  pair  of  cutters 
fails,  the  other  can  complete  the  job.  The 
pressure  of  the  explosions  is  vented  to  pre- 
vent the  charge  holders  from  fragmenting 
and  forming  sharp  edges  around  the  open 
hatch.  An  exit  slide  can  then  be  deployed 
without  tearing. 

Each  charge  holder  is  equipped  with  a 
thin  L-shaped  retainer  wall  facing  the  hinge 
(see  figure).  The  detonation  of  a  charge 
cuts  through  a  web  in  the  hinge.  With  both 
hinges  cut,  the  hatch  door  is  free  and  is 
ejected  by  a  set  of  thrustors  around  the 
periphery  of  the  hatch. 

At  detonation,  the  thin  wall  of  the  L- 
shaped  retainer  collapses,  and  the  retainer 


"L"-Shaped 

Thln-Walled 

Web  (4  Places) 


Wider  Opening 


BEFORE  SEPARATION 


AFTER  SEPARATION 


Before  Detonation  L-shaped  retainers  bear  on  the  hinge.  After  detonation,  the  retainers 
are  folded  outward  to  facilitate  the  egress  of  the  severed  hinges. 


folds  outward  under  the  pressure  of  the  ex- 
plosion. This  action  widens  the  opening 
around  the  severed  hinge  so  that  it  can 
leave  without  hindrance. 

This  work  was  done  by  Arturo  C. 


Ordonez  and  Ronald  N.  Yee  of  Rockwell 
International  Corp.  for  Johnson  Space 
Center.  MSC-21474/TN 
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Multivariable  PID  Controller  for  Robotic  Manipulator 

Gains  are  updated  during  operation  to  cope  with  changes  in  characteristics  and  loads. 


A  conceptual  multivariable  controller  for 
a  robotic  manipulator  includes  a  propor- 
tional/derivative (PD)  controller  in  an  inner 
feedback  loop,  and  a  proportional/inte- 
gral/derivative (PID)  controller  in  an  outer 
feedback  loop.  The  PD  controller  places 
the  poles  of  the  transfer  function  (in  La- 
place-transform space)  of  the  control  sys- 
tem for  the  linearized  mathematical  model 
of  the  dynamics  of  the  robot.  The  PID  con- 
troller tracks  the  trajectory  and  decouples 
the  input  from  the  output. 

The  mathematical  model  of  the  dynam- 
ics of  an  n-joint  robotic  manipulator  can  be 
represented  by  a  set  of  coupled  nonlinear 
differential  equations  of  the  general  form 

M(e)e  +  N(e.e)  +  G(0)  -f  H{'e)  =  t 

where  t  =  time;  9(t),e(t)  and  0(0  are  the 
n  X  1  vectors  of  joint  angles,  velocities,  and 
accelerations  respectively;  J{t)  is  the  n  x  1 
vector  of  joint  tor_ques;  M{d)  is  the  n  x  n  in- 
ertia matrix,  N{e.d)  is  the  n  x  1  Coriolis-and- 
centrifugal-torque  vector;  G{6)  is  the  n  x  1 
gravity-loading  vector;  and  H  (d)  is  the  n  x  1 
frictional-torque  vector.  This  set  of  equa- 
tions is  highly  nonlinear  in  9(f),  k,t).  and  9(f)- 

The  problem  is  to  obtain  a  control 
scheme  that  generates  the  joint  torques 
T(f)  required  to  ensure  that  the  joint  angles 
e{t)  track  the  reference  trajectories  0/f) 
as  closely  as  possible.  The  multivariable 
controller,  which  is  designed  to  do  this,  is 
based  on  linear  multivariable  control 
theory.  The  theory,  in  turn,  requires  a  linear- 
ized mathematical  model  of  the  dynamics 
of  the  robot.  The  model  is,  in  effect,  piece- 
wise-linear  because  the  equations  of  mo- 
tion are  treated  as  linear  for  small  perturba- 
tions during  small  intervals  of  time. 

The  controller  derived  from  the  linear- 
ized equations  (see  figure)  includes  the 
stabilizing  (inner-loop)  controller  K(s)  and 
the  tracking  (outer-loop)  controller  Q(s) 
where  K  and  0  are  transfer-function  matri- 
ces and  s  is  the  Laplace-transform  com- 
plex frequency  The  stabilizing  controller 
implements  the  PD  feedback  control  law 

T{t)  =  T^{t)-Kpe{t)-K^w(t) 
or,  taking  the  Laplace  transform, 

■[Kp  +  K^]d(s) 
■K(s)B{s) 

where  T  is  the  torque  applied  to  the  rotxDtic 
manipulator,  7"^  is  the  torque  due  to  the 


T(s)  =  T^(s)  ■ 
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The  Multivariable  PI  D  Controller  consists  of  a  PD  stabilizing  controller  in  the  inner  loop  and  a 
PID  tracking  controller  in  the  outer  loop. 


tracking  controller,  K  and  K^are  constant 
nxn  position-  and  velocity-feedback  gain 
matrices  respectively  and  K(s)  =  Kp+K^s 
is  the  n  xn  transfer-function  matrix  of  the 
multivariable  PD  controller  This  control 
law  provides,  in  effect,  full  state  feedback 
for  the  linearized  mathematical  model,  and 
it  is  therefore  both  necessary  and  sufficient 
for  placement  of  all  2n  poles  of  the  transfer 
function  of  the  system  at  arbitrary  loca- 
tions in  the  complex  plane.  To  stabilize  the 
robot  and  obtain  acceptable  transient  re- 
sponses, the  feedback  gains  K  and  K^are 
chosen  to  place  the  closed-loop  poles  at 
some  desired  locations  in  the  left  half  of  the 
complex  plane. 

By  providing  for  decoupling  of  inputs 
from  outputs,  the  tracking  controller  en- 
sures that  the  reference  trajectory  for  each 
joint  angle  will  affect  only  that  joint  angle 
and  that  there  will  be  robust  steady-state 
tracking  for  a  class  of  reference  trajec- 
tories and  torque  disturbances.  The  track- 
ing controller  implements  the  control  law 


T^it)  =  Qp6^(t)  +  Q,je^(t)dt  +  O,0e 


or 


T^(s)  =--  Q{s)e^{s) 

=  [Q.  +  °-^+0^s]dJs) 


where  djt)  =  0/f)  -  9(f)  is  the  n  x  I  joint- 
angle  error  vector;  and  Op.  0/,  and  0^  are 
proportional,  integral,  and  derivative  gain 
matrices,  respectively  and  are  related  to 
the  dynamics  by  a  set  of  equations. 

Two  approaches  to  the  tuning  of  the  con- 
ceptual controller  have  been  proposed.  In 
the  first  approach,  the  matrices  of  the  con- 
troller are  updated  during  operation  to  com- 
pensate for  the  variations  in  the  matrices  of 
the  mathematical  model  of  the  robot  during 
gross  motion  or  changes  in  the  payloau.  In 
the  second  approach,  high  controller  gains 
are  used  to  obtain  desirable  performance 
during  gross  motion  and  changes  in  the 
payload.  In  the  high-gain  approach,  uncer- 
tainties in  the  mathematical  model  of  the 
dynamics  of  the  robot  have  negligible  ef- 
fect on  the  performance  of  the  closed-loop 
system. 

The  results  of  the  numerical  simulation 
of  a  controller  for  a  two-link  manipulator 
show  that  satisfactory  performance  is  ob- 
tained even  when  the  robot  is  subjected  to 
large  changes  in  payload  and  torque  dis- 
turbances. High  controller  gains  do  not 
produce  excessive  torques  or  saturation. 

This  work  was  done  by  Homayoun  Seraji 
of  Caltech  and  Mahmoud  Tarokh  of  the 
University  of  California  at  San  Diego  for 
NASA's  Jet  Propulsion  Laboratory. 
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Moving  Large  Wiring-Harness  Boards 

A  rolling  carrier  makes  the  transfer  of  heavy  boards  easy  and  safe. 


A  carrier  for  wiring-harness  fabricafion 
boards  enables  a  lone  operator  to  move  a 
board  easily  and  safely.  The  carrier  holds 
the  harness  while  the  operator  is  fabricat- 
ing it,  while  it  is  being  stored,  and  while  it  is 
being  transported  to  an  equipment  frame 
for  mounting.  Previously,  three  people 
were  needed  to  move  the  board,  which 
measures  8  by  5  ft  (2.4  by  1.5  m)  and 
weighs  54  lb  (24  kg),  exclusive  of  the  har- 
ness. 

The  operator  assembles  the  harness  on 
the  tx)ard  while  the  carrier  holds  the  board 
in  locking  channels  and  supports  it  at  a 
convenient  height  and  angle  (see  figure). 


When  the  work  is  complete,  the  operator 
removes  a  safety  lockpin  from  the  carrier 
and  lifts  the  right  side  of  the  board,  tilting  it 
to  a  vertical  orientation.  The  operator  locks 
a  safety  arm  to  maintain  the  board  in  the 
vertical  orientation  and  presses  an  electri- 
cal switch  on  the  carrier  to  lower  the  board 
onto  a  roller  track  on  the  base  of  the  carrier 
The  operator  unlocks  the  casters  on  the 
base  and  rolls  the  carrier  and  txiard  to  a 
cabinet  for  storage.  At  the  cabinet,  the  op- 
erator pushes  the  txiard  along  the  roller 
track  forward  into  a  vertical  storage  slot. 
When  the  time  comes  to  take  out  the 
harness  again,  the  operator  reverses  the 


procedure,  sliding  the  board  back  onto  the 
roller  track  on  the  carrier  For  fabrication, 
the  carrier  can  be  adjusted  so  that  the 
board  is  at  an  angle  of  30°,  45°,  or  60°. 
Similarly,  the  board  can  be  raised  or  low- 
ered by  the  switch-operated  motor  on  the 
carrier 

This  work  was  done  by  Samuel  D. 
Shepherd  and  Isaac  Gurman  of  Rockwell 
International  Corp.  for  Marshall  Space 
Flight  Center. 
f\ASF-29510rrN 


When  Positioned  for  Assembly  of  the 
Wiring  Harness,  ttie  board  and  carrier  give 
an  operator  easy  and  convenient  access 
to  wires  and  cables,  whien  positioned  for 
transfer  of  thie  wiring  harness  to  or  from 
a  storage  area,  the  carrier  tiolds  the  board 
securely  while  it  is  moved  by  one  person. 


ASSEMBLY  OF  HARNESS  ON  BOARD 


Stored  Boards 


Board  Oriented 
-><.  lor  Assembly 


BOARD  IN  POSITION  FOR  TRANSFER  OR  STORAGE 
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Pressurlzed-Flat-lnterface  Heat  Exchanger 

High  thermal  conductance  is  obtained  without  leakage  between  loops. 


A  heat-exchanger  interface  enables  the 
efficient  transfer  of  heat  between  two 
working  fluids  without  allowing  the  fluids  to 
intermingle.  The  interface  is  thin,  flat,  and 
easy  to  integrate  into  a  thermal  system,  un- 
like interfaces  based  on  concentric  cylin- 
ders or  pressurized  fingers.  In  a  prototype 
version  made  of  aluminum,  contact  con- 
ductances of  652  to  729  Btu/h  •  ft2-  °F  (3.70 
to  4.14  kW/m2°C)  were  achieved. 

A  possible  application  is  in  chemical  or 
pharmaceutical  manufacturing  when  even 
trace  contamination  of  the  process  stream 
with  water  or  other  coolant  could  ruin  the 
product.  It  may  also  reduce  costs  when 
highly  corrosive  fluids  must  be  cooled  or 
heated.  The  corrosive-fluid  side  of  the  ex- 
changer could  be  made  of  special  corro- 
sion-resistant material  while  the  noncorro- 
sive  side  could  be  made  of  standard,  less 
costly  materials.  If  either  side  developed 
leaks  or  became  fouled,  it  could  be  re- 
moved without  disturbing  the  other  side. 

At  an  interface,  a  set  of  contact  heat-ex- 
changer plates  is  positioned  on  the  thermal 
transport  bus,  through  which  ammonia  or 
other  suitable  coolant  flows  (see  figure).  A 
module  containing  a  corresponding  set  of 
water-heated  plates  is  slipped  into  contact 
with  the  set  of  ammonia-cooled  plates  so 
that  each  thermal-bus  plate  is  sandwiched 
between  a  pair  of  module  plates.  Bellows 
placed  between  module  plates  are  pres- 
surized with  nitrogen  so  that  the  module 
plates  press  firmly  against  the  bus  plates, 
ensuring  good  thermal  contact.  The  faces 
of  the  bellows  are  thin  diaphragms  that 


Working  Fluids  Flow  In- 
dependently in  a  heat- 
transfer  module  (right) 
and  a  thermal  transport 
bus  (left).  Pairs  of  plates 
in  the  module  slip  over 
plates  on  the  bus  and  are 
pressed  against  the  bus 
plates  by  inflated  bellows. 
Many  such  modules  can 
be  located  along  a  bus. 
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conform  to  the  surfaces  of  the  module 
plates.  The  flowing  water  in  the  module 
heats  the  module  plates,  which  pass  their 
heat  to  the  bus  plates,  which  in  turn  trans- 
fer the  heat  to  the  flowing  ammonia. 

A  further  advantage  of  the  interface  is 
that  it  can  be  used  to  regulate  the  flow  of 
heat.  To  reduce  the  flow,  the  bellows  pres- 
sure can  be  reduced,  reducing  thermal 
contact  between  the  plates  and  decreas- 
ing the  thermal  conductance.  There  is  no 
need  to  adjust  the  fluid  flow  in  either  a 
module  or  the  thermal  bus  with  valves  or 
pumps. 

This  work  was  done  by  F.E.  Voss,  H.R. 
Howell,  and  R.V.  Winkler  of  LTV 
Aerospace  and  Fedense  Co.  for 
Johnson  Space  Center. 
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Programmable  Multizone  Furnace 

Moving  thermal  gradients  are  created  without  mechanical  motion. 


A  furnace  tfiat  has  multiple,  individually 
programmable  heating  zones  is  being  de- 
veloped for  use  in  experiments  on  direc- 
tional solidification.  The  furnace  holds  a 
rod  specimen  and  generates  thermal  gra- 
dients (see  Rgure  1)  that  move  along  the 
specimen.  Unlike  in  prior  directional- 
solidification  equipment,  the  specimen  and 
furnace  remain  in  fixed  positions  relative  to 
each  other  during  the  experiment.  The 
elimination  of  the  translation  mechanism 
makes  the  furnace  more  compact  and  re- 
duces vibratkxis,  which  can  disturb  the  ex- 
periment. 

The  furnace,  shown  schematically  in 
Figure  2,  includes  a  cylindrical  stack  of 
ring-shaped  heating  assemblies  that  in- 
clude electrical  heating  elements,  sup- 
ports, and  thermal  insulation.  The  inner  di- 
ameter of  the  rings  is  1.125  in.  (28.6  mm) 
and  is  intended  to  accommodate  a  speci- 
men with  a  diameter  up  to  0.5  in.  (12.7  mm). 
Pairs  of  adjacent  heating  assemblies  are 
connected  in  series  electrically  and  physi- 
cally, each  pair  constituting  a  program- 
mable temperature-control  zone.  The 
working  core  of  the  furnace  [the  electrody- 
namic  gradient  (EDG)  section]  consists  of 
the  middle  16  time^Drogrammable  zones. 
The  eight  constant-temperature  program- 
mable zones  on  the  ends  (four  at  each  end) 
serve  as  buffers.  Eight  water  cooling  tubes 
connect  all  the  heating  assemblies. 

The  furnace  creates  a  moving  tempera- 
ture gradient  by  the  coordinated  control  of 
the  temperatures  in  the  heating  zones.  This 
coordinatkxi  is  accomplished  by  use  of  a 
commercially  available  process  controller 
executing  a  proportional/integral/deriva- 
tive control  algorithm,  using  the  tempera- 
ture measured  in  each  zone  by  a  thermo- 
couple as  feedback.  The  temperature  in 
each  zone  can  be  programmed  to  ramp 
linearly  to  or  from  a  set  value  in  a  specified 
time  or  to  remain  at  a  set  value. 

Tests  of  a  prototype  revealed  the  advan- 
tages and  some  disadvantages  of  this  type 
of  furnace.  Its  flexibility  is  unquestionab- 
ly an  advantage;  that  is,  the  availability 
of  many  different  temperature  profiles 
through  programming  makes  it  a  versatile 
tool  for  research  at  low  thermal  gradients 
[6  to  75  °C/in.  (2.4  to  30  °C/cm)]  that  travel 
at  nrxxlerate  speeds  [up  to  10  in./h  (25 
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Figure  1.  This  Moving  Solidification  Front  is  only  one  of  many  simple  or  complicated  moving 
temperature  profiles  that  can  be  generated  in  the  programmable  multizone  furnace. 
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Figure  2.  The  Time-Programmable  Temperature  Controller  regulates  the  temperature  in 
each  of  the  middle  16  heating  assemblies  as  a  function  of  time  to  generate  a  moving  temper- 
ature profile. 


cm/h)].  The  principal  disadvantages  are 
high  power  consumption  (typically  >  3  kW) 
and  the  high  dependence  of  the  gradient 
and  its  motion  on  the  control  system. 


This  work  was  done  by  Edmund  Y.  Ting 
and  David  J.  Larson,  Jr.,  of  Grumman 
Corporate  Research  Center  for  Marshall 
Space  Flight  Center.     MFS-28375/TN 
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Programmable  Cadence  Timer 

An  electronic  metrononne  would  pace  the  users  through  a  wide  range  of  exercise  routines. 


A  conceptual  programmable  cadence 
timer  would  provide  rhythmic  aural  and  vis- 
ual cues  for  exercisers.  The  timer  would 
automatically  change  Its  cadence  accord- 
ing to  a  program  entered  by  the  user.  It 
could  also  function  as  a  clock,  stopwatch, 
or  alarm. 

The  timer  would  have  a  variety  of  uses 
in  rehabilit^ive  medicine,  experimental 
medicine,  sports,  and  gymnastics.  In  physi- 
cal therapy  tor  example,  it  would  give  pa- 
tients flexible  pacing  for  repetitive  range-of- 
motion  exercises.  It  could  also  be  used  in 
intermittent  positive-pressure  breathing 
treatment,  in  which  a  patient  must  rhythmi- 
cally inhale  and  retain  medication  delivered 
under  positive  pressure;  and  in  incentive 
spirometer  treatment,  in  which  a  patient 
must  inhale  maximally  at  regular  intervals. 

The  timer  would  consist  of  two  modules 
that  could  be  joined  as  a  unit  or  separated 
for  remote  control  (see  figure).  When 
joined,  the  modules  would  be  connected 
by  a  single  thin  electrical  cable.  When  sep- 
arated, the  modules  might  be  connected 
by  the  cable  or  by  a  line-of-sight  infrared 
data  link.  With  the  infrared  data  link,  the  ex- 
ercise area  could  be  kept  free  of  wiring. 
The  modules  would  contain  their  own  re- 
chargeable-battery power  supplies,  and 
the  base  module  could  also  operate  on  ex- 
ternal direct  current  or  rectified  alternating 
current. 

The  base  module  would  contain  a  con- 
trol microcomputer,  a  touch-sensitive  liq- 
uid-crystal display  (LCD)  for  programming, 
a  real-time  clock,  optical  and  audio  drivers, 


timers,  memory,  and  hard-wire  and  wire- 
less transmitting  circuitry.  It  would  have 
controls  for  adjusting  the  brightness  and 
contrast  of  the  display  and  an  on/off  switch 
for  power. 

The  audio-visual  module  would  contain 
a  beeper  for  audio  cues  and  a  light-emit- 
ting-diode  (LED)  blinker  and  an  LED  bar 
graph  for  visual  cues.  The  blinker  and 
beeper  could  be  activated  simultaneously 
signaling  the  user  to  perform  a  prescribed 
movement.  (The  beeper  could  be  silenced 
if  the  user  prefers.)  The  10  segments  of  the 
bar  graph  would  light  up  in  sequence  to 
prepare  the  user  for  a  cue.  For  example,  if 
the  cue  cadence  were  set  at  a  rate  of  60 
beats  per  minute,  one  LED  segment  would 
light  up  every  6  seconds  so  that,  at  the  end 
of  a  1-minute  cycle,  all  segments  would  be 
lit  and  the  blinker  would  flash.  The  bar 
graph  would  then  be  reset,  and  the  se- 
quence would  be  repeated.  (The  bar  graph 
would  not  function  unless  the  cable  were 
used  to  connect  the  two  modules.  Like  the 
beeper,  the  bar  graph  could  be  deactivated 
if  the  user  wants.) 

A  user  could  program  a  block  of  up  to  30 
cadence  regimes  by  entering  the  rate  and 
duration  of  each  regime  on  the  touch-sen- 
sitive LCD.  The  timer  could  store  up  to  25 
such  blocks  in  its  nonvolatile  memory. 
When  the  user  selected  a  block,  the  timer 
would  execute  each  regime  in  the  block  in 
the  order  entered  and  display  on  the  LCD 
the  elapsed  time  for  the  regime  and  the 
current  clock  time. 

This  work  was  done  by  William  A.  Hall 


and  John  Gilbert  of  KRUG  International 
for  Johnson  Space  Center. 
MSC-21551/rN 
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The  Modular  Pacer  could  be  operated  as  a 
single  unit  or  as  two  units.  With  the 
audiovisual  module  moved  aw^ay  from  the 
base  module,  the  user  could  concentrate 
on  exercise  cues  without  distraction  from 
information  appearing  on  the  liquid-crystal 
display 
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Recursive  Construction  of 
Jacobian  Matrix  and  its 
Time  Derivative  for 
Robot  Arm 

Quantities  essential  to 
linearization  of  control 
feedback  are  calculated. 

A  report  discusses  the  recursive  calcu- 
lation of  the  Jacobiari  matrix  (J)  and  the  de- 
rivative of  this  matrix  with  respect  to  time 
(J)  for  a  robot  arm  that  has  multiple  rotary 
joints.  Such  calculations  can  be  used  for 
the  implementation  of  linearizing  feedback 
in  a  digital  control  system  for  the  arm. 
Once  a  recursive  construction  for  J  is 
available,  the  feedback  can  be  linearized  in 
a  completely  recursive  manner  by  the  use 
of  previously  known  methods  for  the  recur- 
sive computation  of  J  and  of  the  inverse  dy- 
namics of  the  arm. 

The  mathematical  model  of  the  rotx)t  is 
a  standard  /V-link  manipulator  based  in  an 
inertial  reference  frame.  The  /th  link  vector 


reference  frame  has  inertial  angular  veloc- 
ity Q^  and  angular  velocity  o),  with  respect 
to  the  /  -  1st  reference  frame. 

First,  the  inertial  linear  velocity,  V,  and 
angular  vyelocity,  Q.  of  the  end  effector  (/Vth 
link)  are  expressed  in  terms  of  the  r,  and  cd,. 
The  angular  displacement  of  the  /th  link 
with  respect  to  the  /  - 1  st  link  is  expressed 
as  a  rotation  through  angle  q,  about  the 


^-1 


axis.  Then 


(where  the  dot  denotes  the  derivative  with 
respect  to  time)  is  inserted  into  the  equa- 
tions for  V  and  Q.  After  some  manipulation, 
the  equations  are  transformed  into  an 
equation  for  J  in  terms  of  the  z,_.,  and  of 


is  represented  by  r,  =  O, -0,_,,  where O,         vector  products  between  the  z,,^  and  the 
is  the  position  vector  of  the  origin  of  the 
moving  reference  frame  that  is  based  at 
the  outer  end  of  the  /th  link.  The  /th  moving 


l.  =  O 


With  proper  attention  to  the  rates  of 


change  of  vector  products  in  rotating  ref- 
erence frames,  some  further  manipulation 
leads  to  an  equation  for  J  in  terms  of  vector 
products  and  sums  of  vector  products  of 
the  various  position  vectors  and  angular 
velocities.  Because  each  succeeding  ele- 
ment of  J  and  J  includes  terms  from  the 
preceding  element,  these  equations  lend 
themselves  directly  to  a  recursive  formula- 
tion. Two  recursive  algorithms  are  pre- 
sented; one  for  the  recursion  from  the  end 
effector  toward  the  base  and  one  from  the 
base  toward  the  end  effector. 

This  work  was  done  by  Kenneth  K. 
Kreutz  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  "Recursive 
Control  of  Jacobian  Matrix  and  Its  Time 
Derivative  for  Feedback  Linearization  of 
a  Robot  Arm." 
NPO-17364/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O^  Box  8757, 
BWI  Airport.  MD  21240.  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


862 


rWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Remotely-Controlled  Variable-Orifice  Valve 

Features  include  compactness  and  reduction  of  perturbation. 


A  remotely-controlled  variable-orifice 
valve  is  used  to  adjust  the  back  pressure  in 
tests  of  the  flow  of  air  in  a  duct.  Although 
fixed  orifices  of  similar  configuration  could 
be  used,  adjustments  of  the  back  pressure 
would  require  time-consuming  removals 
and  installations  of  different  orifices.  Ad- 
justable valves  of  different  configurations 
(e.g . ,  gate  and  g lobe  valves)  that  could  han- 
dle the  mass  flows  and  pressures  of  the 
tests  are  too  expensive  and  bulky,  and  they 
divert  the  flow  away  from  straight  stream- 
lines to  an  extent  that  is  undesirable  for  the 
purposes  of  the  tests. 

The  valve  includes  an  orifice  housing, 
which  is  essentially  a  thick,  stationary  disk 
with  six  sectoral  holes.  Immediately  up- 
stream of  the  fixed  disk  is  a  rotatable  disk 
with  a  similar  pattern  of  holes.  The  angular 
position  of  the  rotatable  disk  determines 
the  area  of  overlap  of  the  holes  in  the  two 
disks;  that  is,  the  cross-sectional  area  open 
to  the  flow.  As  can  be  seen  in  the  figure,  the 
overlapping  holes  lie  along  or  near  most 
streamlines,  so  that  the  variable  orifices  ef- 
fect minimal  diversion  of  the  flow. 

The  rotatable  disk  is  turned  by  a  hydraul- 
ic rotary  actuator  The  angular  position  of 


A  Disk  With  Holes  is  rotated 
on  a  fixed  disk  with  similiar 
holes  to  adjust  the  cross  sec- 
tional area  available  to  the 
flow. 


OfHlce  Housing 

(Stationary  DIski  Shaft-Angle 

Encoder 


Rotary  Actuator 


Rotatable 
Disk 


the  actuator  and  rotatable  disk  is  meas- 
ured by  a  shaft-angle  encoder  The  valve 
can  be  calibrated  in  terms  of  angle  or  open 
flow  area  versus  back  pressure,  so  that  the 
valve  can  be  preset  at  the  angle  necessary 
to  obtain  the  desired  back  pressure. 

The  remotely-controlled  variable-orifice 
valve  is  small  in  comparison  with  other 
types  of  valves  designed  to  control  similar 
flows  and  pressures.  The  valve  can  be 


moved  easily  from  one  flow-test  facility  to 
another  It  can  be  sandwiched  between 
two  18-in.  (46-cm)  flanges  and  requires  an 
axial  gap  of  only  5  in.  (13  cm)  between  the 
flanges  once  it  is  installed. 

777/s  work  was  done  by  Olen  E.  Hill  of 
Marshall  Space  Flight  Center. 
MFS-28369/TN 
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Rotary  Stirling-Cycle  Engine  and  Generator 

Advanced  heat-engine  and  motor/generator  concepts  are  connbined. 


A  proposed  electric-power  generator 
would  comprise  three  motor  generators 
coordinated  by  a  microprocessor  and 
driven  by  a  rotary  Stirling-cycle  heat  en- 
gine. This  combination  of  state-of-the-arl 
components  would  offer  the  thermody- 
namic efficiency  of  the  Stirling  cycle,  rela- 
tively low  vibration,  and  automatic  adjust- 
ment of  operating  parameters  to  suit  the 
changing  load  on  the  generator. 

Figure  1  is  a  partially  schematic  axial 
view  of  the  inside  of  the  rotary  Stirling  en- 
gine. Three  rotors  are  mounted  on  concen- 
tric shafts  in  the  cylindrical  engine  chamber. 
Each  rotor  is  a  pair  of  diametrically  opposite, 
paddlelike  sectors  of  cylinders  that  act  as 
rotary  pistons.  Heat  from  an  external 
source  enters  the  working  gas  of  the  en- 
gine (for  example,  helium)  through  the  right 
heat  exchanger  at  the  top  of  the  engine. 
Exhaust  heat  from  the  engine  leaves 
through  the  left  heat  exchanger  at  the  bot- 
tom. 

Each  rotor  moves  clockwise  at  a  speed 
that  varies  semisinusoidally  with  its  an- 
gular position  so  that  it  alternately  almost 
catches  up  with  and  then  falls  behind  the 
rotor  that  moves  in  front  of  it.  The  motions 
of  the  rotors  are  coordinated  in  such  a  way 
that  the  following  combination  of  compres- 
sion and  expansion  cycles  occurs: 
I.Cool  working  gas  is  drawn  into  the 
chamber  through  the  lower  left  port  as 
the  rotary  piston  ahead  of  the  valve  races 
ahead  of  the  piston  behind  the  valve. 

2.  The  piston  ahead  slows  down,  the  piston 
behind  races  ahead,  and  the  cool  gas  is 
compressed  between  the  two  pistons  as 
they  nx)ve  toward  the  upper  left  port. 

3.  As  the  space  enclosed  by  the  two  rotary 
pistons  passes  the  upper  left  port,  the 
compressed  gas  flows  through  the  upper 
left  heat  exchanger,  where  it  receives 
recycled  heat,  then  flows  through  the  up- 
per right  heat  exchanger,  where  it  re- 
ceives heat  from  the  external  source. 

4.  The  compressed,  heated  gas  enters  the 
space  between  two  rotary  pistons  through 
the  upper  right  port.  This  gas  expands  as 
the  piston  in  front  races  ahead  of  the 
piston  behind. 

5.  The  piston  ahead  passes  the  lower  right 
valve,  allowing  the  expanded,  hot  gas  to 
start  escaping  through  the  lower  right 
heat  exchanger,  which  recyles  some  of 
its  heat  to  the  upper  left  heat  exchanger, 
then  continues  through  the  lower  left  heat 


exchanger,  which  rejects  the  unusable 
heat  to  the  environment.  The  piston  be- 
hind catches  up,  helping  to  push  the  hot 
gas  through  the  lower  heat  exchangers. 
The  cooled  gas  leaves  the  lower  heat 
exchangers  and  reenters  the  chamber 
through  the  lower  left  port,  completing  the 
cycle. 
Of  course,  six  such  compression/ex- 


Figure  1 .  The  Rotary  Stirling 
Cycle  Engine  would  convert 
heat  to  power  via  compres- 
sion and  expansion  of  a 
working  gas  between  three 
pairs  of  rotary  pistons  on 
three  concentric  shafts  in 
phased  motion. 


pension  cycles  occur  simultaneously,  each 
lagging  60°  in  phase  behind  the  preceding 
one.  The  shaft  of  each  rotor  is  connected 
to  a  permanent-magnet,  brushless  dc  mo- 
tor/generator equipped  with  a  shaft-angle 
encoder.  The  motions  of  the  motor/genera- 
tors are  coordinated  by  the  microproces- 
sor so  that  the  angular  position  of  each  as  a 
function  of  time  yields  the  required  de- 


Heat  Exchangers 


Figure  2.  Three  Motor/ 
Generators  each  connected 
to  one  of  the  concentric 
shafts,  would  alternately 
move  and  be  moved  by  the 
pistons.  The  microprocessor 
would  coordinate  their  opera- 
tion, including  switching  bet- 
ween the  motor  and  gener- 
ator modes  at  the  ap- 
propriate times  during  each 
cycle. 
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pendence  of  speed  on  angular  position  to 
obtain  the  properly  phased  compression 
and  expansion  cycles. 

The  microprocessor  switches  each  mo- 
tor/generator between  the  motor  and  gen- 
erator modes  at  the  angular  positions  that 
define  the  boundaries  between  net  expen- 
diture and  net  generation  of  energy  for  the 


affected  rotor.  Although  the  motor/genera- 
tors expend  energy  in  compressing  the 
gas,  they  generate  energy  during  the  ex- 
pansion phases,  and  over  the  complete 
cycle  there  is  a  net  conversion  of  heat  to 
electrical  energy  If  the  microprocessor  is 
suitably  programmed  and  supplied  with 
such  additional  sensor  inputs  as  the  inlet 


and  heat-exchanger  temperatures  and  the 
electrical  load  on  the  motor  generators,  it 
can  optimize  the  compression/expansion 
cycles. 

This  work  was  done  by  Joseph  A. 
Chandler  of  Johnson  Space  Center. 
MSC-21530n'N 
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Securing  Bearing  Races  toTurbopump  Shafts 

Tension  bands  would  prevent  races  fronn  loosening  caused  by  differential  thernnal  contraction. 


A  proposed  method  of  attaching  the  in- 
ner race  of  a  roller  bearing  to  a  shaft  would 
prevent  loosening  that  is  now  caused  by 
the  difference  between  the  coefficients  of 
thermal  expansion  of  the  race  and  shaft 
materials.  The  method  is  intended  for  a 
cryogenic  turbopump  in  which  the  race  is 
made  of  440C  stainless-steel  alloy  and  the 
shaft  is  made  of  Inconel*  100  nickel  alloy. 
The  stainless-steel  race  material  is  chosen 
for  its  hardenability.  The  coefficient  of  ther- 
mal expansion  of  the  stainless  steel  is 
more  than  15  percent  less  than  that  of  the 
nickel  alloy  Therefore,  as  the  cryogenic  liq- 
uid cools  the  pump,  the  race  loosens  on 
the  shaft  because  the  shaft  shrinks  more 
than  the  race.  The  centrifugal  force  at  the 
high  rotational  speed  of  the  turbopump 
adds  to  the  loosening  of  the  race. 

If  the  race  were  allowed  to  loosen 
enough  to  slip  on  the  shaft,  it  would  wear 
and  gall  the  shaft.  Accordingly  the  practice 
has  been  to  shnnk-fit  the  race  when  it  is  in- 
stalled on  the  shaft.  But  this  creates  tensile 
stresses  in  the  race  that  can  cause  stress- 
corrosion  cracking  while  the  turbopump  is 
stored  at  room  temperature  before  use. 

In  the  proposed  new  method  of  attach- 
ing the  race,  the  guiderail  flanges  of  the 
race,  which  guide  the  rollers,  would  be  re- 
placed by  tension  bands  of  a  strong  materi- 
al that  has  a  coefficient  of  thermal  expan- 
sion greater  than  that  of  the  440C  alloy 
One  such  material  is  Waspalloy  which  has 
a  coefficient  substantially  larger  than  those 


FUnflO  SuCice  \ 
Roller  Rac»<KSr  \^ 
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The  Roller  Bearing  Race  is  press-fit 
customarily  onto  the  turbopump  shaft 
(top).  In  the  proposed  version  (bottom),  the 
flanges  of  the  race  would  be  replaced  by 
tension  bands  that  shrink  faster  as  they 
are  cooled.  A  tension  band  In  the  alter- 
native configuration  shown  in  the  inset 
would  engage  the  race  on  a  slightly  slop- 
ing surface  so  that  axial  forces  would  not 
dislodge  it. 


of  both  the  stainless-steel  and  nickel  alloys. 
As  the  assembly  would  cool ,  the  Waspalloy 
tension  bands  would  shrink  more  than 
would  the  race  or  shaft,  so  that  the  tension 
bands  would  hold  the  race  firmly  on  the 
shaft. 

Like  the  stainless-steel  alloy  Waspalloy 
is  strong  and  resistant  to  corrosion.  It  can- 
not be  hardened  as  much  as  the  440C  al- 
loy but  it  is  tougher.  Inasmuch  as  the  rollers 
make  contact  with  the  flanges  only  inter- 
mittently the  tougher,  slightly  softer  flange 
material  may  prove  to  be  superior. 
*  Inconel  is  a  registered  trademark  of  the 
INCO  family  of  companies. 

This  work  was  done  by  Dale  H.  Blount 
of  Marshall  Space  Flight  Center 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
!\/IFS-28384/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford.  Jr. 

Mail  Code  CCOI 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport,  tViD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


865 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Simulation  of  Turbulent, 
Oscillating  Boundary  Layer 

Numerical  results  support 
predictions  of 
simplified  theories. 

A  report  discusses  aspects  of  algebraic 
and  numerical  modeling  of  the  flow  in  ttie 
infinite  lialf  space  on  one  side  of  an  infinite- 
ly-large, flat  plate,  with  a  sinusoidally  oscil- 
lating free-stream  velocity  along  one  axis 
of  the  plate.  This  flow  has  a  rich  variety  of 
behaviors,  including  strong  gradients  of 
pressure,  points  of  inflection,  and  reversal. 

The  chosen  flow  is  the  turbulent  version 
of  a  classical  problem,  known  as  Stokes' 
second  problem,  for  which  the  exact  solu- 
tions of  the  Navier-Stokes  equations  of 
viscous  flow  are  known.  The  zero  mean 
value  of  the  free-stream  velocity  gives  rise 
to  a  natural  homogeneity  along  and  across 
the  plate;  this  justifies  the  imposition  of 
periodic  boundary  conditions  in  a  direct 
simulation  and  improves  the  statistical 
sample  considerably  In  addition,  the  Reyn- 
olds-averaged quantities  are  functions  only 
of  the  time  and  of  the  coordinate  perpen- 
dicular to  the  plate.  This  provides  a  good 
test  of  the  abilities  of  mathematical  models 
of  turbulence  to  treat  unsteady  and  inflec- 
tional velocity  profiles  with  little  numerical 
effort  and  with  high  numerical  accuracy 
This  flow  also  exhibits  reversal  of  the 
velocity  without  the  usual  difficulties  of 
coupling  between  viscous  and  inviscid  mo- 


tions and  of  singularities  encountered  in 
spatially  separating  flows. 

The  authors  present  equations  that  de- 
scribe the  shear  stress  and  the  mean  ve- 
locity as  a  function  of  distance  from  the 
plate  and  phase  angle.  This  theory  is  based 
on  dimensional  analysis,  the  Reynolds- 
number-similarity  hypothesis,  and  some 
plausible  assumptions  about  the  forms  of 
functions  that  describe  various  aspects  of 
the  flow.  The  theory  is  tentative  in  that 
these  concepts  and  assumptions  are  con- 
sistent with  current  thinking  but  cannot  be 
proved  rigorously.  The  equations  are 
known  to  be  applicable  only  at  high 
Reynolds  numbers  and  inapplicable  near 
the  phase  of  reversal  of  the  wall  shear 
stress. 

The  predictions  of  the  theory  were  com- 
pared with  the  results  of  a  numerical  simu- 
lation via  the  Navier-Stokes  equations  of 
three-dimensional,  viscous,  incompressi- 
ble flow  over  a  narrow  range  of  Reynolds 
numbers.  The  simulation  showed  that  the 
oscillating  boundary  layer  displays  a  com- 
plex behavior,  as  a  function  of  both  the 
phase  angle  and  the  Reynolds  number.  Al- 
though the  flow  is  believed  to  be  linearly 
stable,  it  exhibits  a  first  transition  to  a  "pre- 


turbulent"  state  just  below  a  Reynolds 
number  of  600.  A  second  transition,  be- 
tween 600  and  800,  allows  it  to  generate 
well-developed  turbulence  during  at  least 
part  of  the  cycle.  During  that  part  of  the  cy- 
cle, it  contains  a  log  layer  (referring  to  the 
proportionality  of  the  velocity  to  a  logarithm 
of  a  nondimensionalized  distance  from  the 
wall)  and  agrees  with  other  aspects  of  the 
high-Reynolds-number  theory  described 
above.  Also,  despite  the  complexity  of  the 
flow,  a  new  algebraic  model  of  turbulence 
yielded  results  in  satisfactory  agreement 
with  those  of  the  numerical  simulation  and 
the  predictions  of  the  theory. 

This  work  was  done  by  Philippe  R. 
Spalart  and  Barrett  S.  Baldwin  of  Ames  Re- 
search Center.  Further  information  may  tx 
found  in  NASA  T!\A-89460  [N87-24642]. 
Price  Code:  A02  "Direct  Simulatio  of  a 
Turbulent  Oscillating  Boundary  Layer." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4  700.  ARC- 11 848/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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National  Aeronautics  and 
Space  Administration 

Ames  Research  Center,  Moffett  Field,  California 


Simulation  of  Unsteady,  Viscous,  Incompressible  Flow 

Results  of  computations  compare  favorably  with  experiments. 


A  method  for  the  numerical  solution  of 
the  Navier-Stokes  equations  of  viscous,  in- 
compressible flow  is  developed  based  on 
the  use  of  a  fractional-step  procedure.  The 
method  is  accurate  to  second  order  in  both 
space  and  time. 

The  Navier-Slokes  equations  are  put  in 
integral  form  and  discretized  over  finite 
volumes  to  yield  a  fully  conservative  sec- 
ond-order scheme.  Finite-volume  discreti- 
zation is  preferred  because  it  usually 
results  in  more  accurate  and  stable  solu- 
tions for  generalized  coordinate  systems, 
especially  for  meshes  with  clustered  points 
and  large  curvature.  Special  care  is  given 
to  satisfy  the  "geometrical  consen^/ation 
laws"  to  minimize  the  errors  resulting  from 
the  spatial  discretization. 

The  numerical  difficulties  associated 
with  the  absence  of  a  time  derivative  of  the 
pressure  in  the  equation  of  conservation  of 
mass  are  handled  by  a  fractional-step  pro- 
cedure. In  each  time  step,  the  equations  of 
conservation  of  momentum  are  solved  for 
an  approximate  velocity  field  that  does  not 
satisfy  the  equation  of  continuity.  In  the 
second  stage,  the  velocity  and  pressure 
fields  are  corrected  in  such  a  way  that  the 
equation  of  conservation  of  mass  is  satis- 
fied. This  step  leads  to  a  Poisson  equation 
with  Neumann-type  boundary  conditions 
that  may  exhibit  very  poor  convergence 
properties,  especially  in  generalized  coor- 
dinate systems.  The  time  consumed  in  the 
solution  of  the  Poisson  equation  may  be  as 
high  as  80  percent  of  the  total  computa- 
tional time,  even  in  a  Cartesian  case. 

In  this  method,  an  attempt  is  made  to 
minimize  the  Poisson-equation  difficulties 
by  choosing  the  pressures  at  the  centers 
and  the  volume  fluxes  across  the  faces  of 
the  computational  cells  as  the  dependent 
variables  instead  of  the  familiar  Cartesian 
components  of  the  velocity.  This  choice  en- 
sures the  satisfaction  of  the  discrete  equa- 
tion of  conservation  of  mass  to  within 
round-off  errors  in  any  coordinate  system 
and  has  favorable  effects  on  the  con- 
vergence properties. 

A  consistent  solution  to  Poisson's  equa- 
tion is  obtained  by  deriving  the  i-aplacian 
operator  from  the  discrete  equivalent  of 


the  operator  V«V  (where  V*  and  V  are  the  di- 
vergence and  the  gradient  operators,  re- 
spectively), rather  than  discretizing  the 
Laplacian  operator  directly  A  novel  and  ef- 
ficient ZEBRA  scheme  with  four-color  or- 
dering has  been  devised  for  the  efficient 
solution  of  the  nonorthogonal  Poisson 
equation  on  vector  computers.  The  solu- 
tion of  the  Poisson  equation  could  be  con- 
verged to  within  any  specified  small  error  in 
all  the  cases  solved  so  far 

The  method  has  been  applied  to  a  two- 
dimensional  lid-driven  flow  in  a  cavity  and 
to  a  flow  around  a  circular  cylinder  with 
shedding  of  vortices  (see  figure).  The 
results  of  the  computations  have  been 

Re  =  100 


found  to  compare  favorably  with  those  of 
other  numerical  studies  and,  in  the  case  of 
the  cylinder,  with  those  of  experiments. 

This  work  was  done  by  Moshe  Rosenfeld 
and  Dochan  Kwak  of  Ames  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-101016  [N88-30085].  Price 
Code:  A03  "Numerical  Simulation  of 
Unsteady  Incompressible  Viscous  Flows 
in  Generalized  Coordinate  Systems.  " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161.  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  ARC-12277/TN 


Re  =  200 


Re  =  550 


Re  =  1.000 


The  Flow  Around  a  Cylinder,  including  the  shedding  of  vortexes,  is  simulated  at  various 
Reynolds  numbers,  Re. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899  f 

New  Phase  Noise  Measurement  System 


NIST  scientists  have  developed  a  more  accurate  system  for  measuring  phase  noise  in  oscillators, 
amplifiers,  frequency  synthesizers,  and  other  electronic  components.  Of  interest  to  military 
and  civilian  calibration  laboratories  and  companies  producing  high-precision  navigation 
and  communications  equipment,  the  new  system  has  an  accuracy  2  to  4  times  that  of  current 
commercial  equipment,  and  its  frequency  range  is  25  times  greater.  It  can  directly  measure 
phase  noise  at  carrier  frequencies  from  5  MHz  to  26  GHz  and  from  33  to  50  GHz.  With 
external  mixers,  the  measurement  range  can  be  extended  beyond  100  GHz.  Bandwidths 
vary  from  0. 1  Hz  to  10  percent  of  the  carrier  frequency  up  to  a  maximum  of  1  GHz. 

FOR  ADDITIONAL  INFORMATION:  For  a  copy  of  paper  no.  23-90  describing  the  system, 
contact  Jo  Emery,  Div.  104,  NIST,  Boulder,  Colo.  80303;  telephone:  303/497-3237. 
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Technology  Fact  Sheet 

U.S.  Air  Force 


Digital  Protractors  for  Aircraft  Maintenance 


SYNOPSIS 

The  Utility  protractor  (pictured)  provides  maintenance 
personnel  with  an  iraraediate  digital  display  of  level, 
angle  or  tilt  without  the  need  to  interpret  a  bubble  or 
vernier  scale.  This  state-of-the-art  angle  raeasurenent 
device  provides  improved  accuracy  in  addition  to 
important  time  saving  features.  Its  conversion  feature 
permits  measurement  in  degrees  or  rails.  An  alternate 
reference  allows  the  operator  to  zero  the  digital 
readout  anywhere  within  the  +45  degree  range  for  quick 
and  accurate  measurement  of  deviations  from  the 
reference  surface.  All  four  edges  are  true  reference 
planes,  allowing  measurement  of  any  vertical  or 
horizontal  surface.  Tapped  16-32  holes  on  side  and 
bottom  edges  allows  installation  of  locally  manufactured 
adapters  and  fixtures.  The  protractor  is  a  3.2"  x  5.45", 
12.3  ounce,  portable  unit  powered  by  a  9- volt  battery 


PROTRACTOR  USE  IN  COCKPn 


with  rugged  high  impact  composite  material  construction  designed  for  durability.  The  protractor  reduces  tool 
proliferation  by  combining  the  features  of  a  variety  of  less  capable  angle  measurement  devices. 

Its  simple  operation  reduces  costly  training  requirements  and  allows  the  user  to  concentrate  on  the  task  and  not  on  the 
tool. 

APPLICATIONS 

Fielded:  C-130  and  C-141  Flight  control  surfaces  rigging 
SH-60  (SEAHAWK) 

AIR  FORCE  R&M  2000  GOAL  HIGHLIGHTS 

Increased  Combat  Capability:  Reduced  sortie  turnaround  time. 

Decreased  Manpower  Requirements:  30%  man-hour  savings  when  used  on  C-130  aircraft  flight  control  checks. 
20%  man-hour  savings  when  used  on  C-141  aircraft  flight  control  checks. 

BENEFITS/DRAWBACKS 

Current  mechanical  precision  tools  (protractor  and  inclinometer)  used  for  numerous  aircraft  maintenance  rigging 
procedures  are  labor  intensive  and  difficult  to  use.  In  addition,  highly  specialized  personnel  iire  required  and  the 
calculations  must  be  performed  under  exacting  conditions.  The  HQ  Military  Airlift  Command  (MAC)  Reliability  and 
Maintainability  office  has  identified  a  digital  precision  technology  that  is  available  to  be  used  as  a  suiL^iblc,  cost- 
effective  replacement  for  the  present  mechanical  precision  tools.  In  tests  conducted  over  a  month  period,  a  utility 
prou-actor  manufactured  by  Lucas  Sensing  Systems,  Inc.  was  tested  as  a  potential  replacement  under  operational 
conditions.  C-130  technicians  completed  60  rigging  verifications  on  elevator  u-im  tabs,  aileron  and  aileron  trim  lab 
systems.  The  C-141  technicians  completed  84  rigging  verifications  on  tlirottle,  aileron,  flap,  and  spoiler  systems.  The 
device  was  also  evaluated  to  determine  if  the  Utility  protractor: 

a.  was  sufficiently  durable  for  use  in  an  operational  environment? 

b.  could  be  calibrated  with  current  Air  Force  calibration  equipment? 

c.  readings  were  sufficiently  accurate  for  MAC  aircraft  maintenance  use? 

d.  was  a  suitable  replacement  for  current  mechanical  protractor  and 

inclininometer? 
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The  above  questions  were  all  answerr^^d  in  the  positive.  There  were  no  durability  deficiencies  documented  during  the 
logistics  service  test.  Precision  Mcas'irement  Equipment  Laboratory  (PMEL)  personnel  could  calibrate  the  protractor 
using  ihc  supplied  calibration  procedures.  All  rigging  verifications  were  completed  salislaclorily  by  aircraft  technicians 
and  were  within  applicable  technical  order  limits.  In  addition,  the  technicians  were  asked  to  rate  the  device's  ease  of 
use  and  readability.  For  the  C-130  aircraft,  their  evaluations  ranged  from  87%  very  easy,  12%  easy,  and  1%  moderate. 
The  C-141  evaluations  of  the  ease  of  use  and  readability  ranged  from  15%  very  easy,  50%  easy,  29%  moderate,  5% 
difficult,  and  1%  very  difficult.     • 

Another  maintenance  area  with  possible  application  would  be  weapons  and  pod  boresight  elevation  checks.  For  this 
TechTIP,  we  limited  our  research  to  support  the  HQ  MAC  study;  nonetheless,  further  investigation  into  additional 
potential  applications  is  warranted. 

DOCUMENTATION 

MAC  Project  26-149-88,  Logistics  Service  Test  of  the  Digital  Protractor  for  Aircraft  Maintenance 

The  Utility  protractor  is  in  the  Tables-of-Allowance  for  both  C-130  and  C-141  aircraft  (FSN  5220-01-251-2120) 


Lucoi 

■ONiSMi-ni'iia 


DICnAL  PROTRACTOR 


TECHNOLOGY    CONTACTS 

Office:  HQ  HAC/XRAT 

Scott  AFB,  IL  6225-5000 
Mr  Bridger,  AR  Shop 
AUTOVON:  576-4045 
Coram:  (618)  256-4045 


Office: 


AUTOVON: 
Comni: 


HQ  HAC/XRAT 

Scott  AFB,  IL  62225-5000 

HSgt  Isakson,  R&H  Superintendent 

576-4041 

(618)  256-4041 


USER 

CONTACTS 

Office: 

FMS/AERO 

Pope  AFB,  NC  28308 

Capt  Schraonsees,  R&M  Manager 

AUTOVON: 

486-4652 

Coram: 

(919)  394-4652 

Office: 

438  MAW/HAQX 

HcGuire  AFB,  NJ  08641-5075 

Mr  Livingston,  QA  Supervisor 

AUTOVON: 

440-3364 

Coram: 

(609)  724-3364 

This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Acquisition  Logistics  Division,  Joint  Technology  Applications  Office  (ALD/JTT).  Determining 
the  feasibility  of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation 
of  system  requirements  and  the  capabilities  provided  by  the  technology.  For  further  information  on 
the  subject  technology,  please  contact  the  listed  organizations.  Coranents  or  questions  about  the 
Techology  Transfusion  OppCrtunities  Program  are  welcomed  and  should  be  addressed  to  ALD/JTT, 
Wright-Patterson  AFB,  OH  45433-5000  or  call  AUTOVON  785-1606,  Conmercial  (513)  255-1606. 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Noise  Calibrations  Extended 


Coaxial  noise  sources  can  now  be  calibrated  by  NIST  in  the  additional  frequency  range  of  1  to  2 
GHz,  and  sources  with  APC3.5  precision  connectors  can  now  be  accommodated  in  the  2-  to  12- 
GHz  range.  With  these  new  services,  NIST  can  now  calibrate  sources  from  1  to  12  GHz  with 
precision  N,  APC7,  GR900,  and  various  rectangular  waveguide  flange  connectors.  Sources  with 
APC3.5  connectors  can  be  calibrated  at  2  to  12  GHz  for  all  noise  power  spectral  densities  up  to 
18,000  K.  The  frequency  range  for  APC3.5  connectors  is  expected  to  be  extended  down  to  1 
GHz  by  the  end  of  Sept.  1990.  Measurement  uncertainties  typically  range  from  1  to  3  percent. 
Noise  calibrations  are  needed  by  manufacturers  and  users  of  microwave  equipment  because 
noise  is  the  ultimate  limiting  factor  in  electromagnetic  system  performance.  Low-noise  products 
are  specified  so  that  the  equipment  itself  doesn't  distort  the  signal  being  processed.  Test 
equipment  must  be  calibrated  to  determine  if  the  products  meet  specifications. 

FOR  ADDITIONAL  INFORMATION:  For  information,  contact  George  J.  Counas,  Div. 
723.02,  NIST,  Boulder,  Colo.  80303;  telephone:  303/497-3664. 
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rWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Self-Calibrating  Respiratory-Flowmeter  Combination 

Dual  flowmeters  ensure  accuracy  over  the  full  range  of  human  respiratory  flow  rates. 


A  system  for  the  measurement  of  respi- 
ratory flow  employs  two  flowmeters,  which 
are  complementary:  one  compensates  for 
the  deficiencies  of  the  other.  The  combina- 
tion yields  an  easily  calibrated  system  that 
is  accurate  over  a  wide  range  of  gas  flow. 

The  flowmeters  are  in  series  in  the  flow 
path.  A  vortex  flowmeter  has  stable  char- 
acteristics, so  that  it  rarely  needs  calibra- 
tion. Its  accuracy  is  independent  of  the 
composition,  pressure,  and  temperature  of 
the  gas.  However,  it  is  not  accurate  over 
the  entire  range  of  flow  rates  from  rest  to 


maximum  exercise.  A  pneumotach  flow- 
meter provides  a  linear  output  over  the 
complete  range  of  flow,  but  it  tends  to  drift 
and  needs  frequent  calibration.  It  also 
needs  compensation  for  changes  in  the 
composition  of  the  gas. 

The  vortex  flowmeter,  which  can  go  for 
years  without  calibration,  even  in  rugged 
duty  is  therefore  used  as  a  calibration 
standard  for  the  pneumotach  flowmeter 
whenever  the  flow  through  the  vortex  flow- 
meter exceeds  its  lower  operating  thresh- 
old. During  each  breath,  the  outputs  of 


both  flowmeters  are  stored  in  arrays  of 
data.  At  the  end  of  each  breath,  if  enough 
data  are  recorded  and  if  the  peak  flow  was 
high  enough,  a  linear  regression  between 
the  two  flowmeter  signals  is  calculated, 
and  the  regression  coefficient  is  used  to 
calibrate  the  pneumotach. 

This  work  was  dona  by  Dwayne  R. 
Westenskow  and  Joseph  A.  Orr  of  the  Uni- 
versity of  Utah  for  Johnson  Space 
Center. 
MSC-21430/TN 


FOR  ADDITIONAL  INFORMATION:  Confacf.-  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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rWNSATechBnef 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Air-Velocity  Sensor  for  Helicopter 

The  speed  and  direction  of  motion  are  measured  accurately,  even  when  the  speed  is  low. 


Because  of  the  multidirectional  capabili- 
ty of  a  helicopter  and  the  invariable  pres- 
ence of  the  rotor  downwash,  it  is  difficult  to 
measure  the  true  airspeed  of  a  helicopter. 
A  typical  method  involves  the  use  of  an 
airspeed  indicator  that  senses  and  indi- 
cates the  difference  between  impact  pres- 
sure and  static  pressure  as  measured  by  a 
pitot-static  tube  assembly  Because  these 
pressures  are  extremely  low  at  the  low 
airspeeds  at  which  helicopters  often  oper- 


Sllprlngs  or 

Inductive  Coupling 

at  Hub  of  Rotor 


ate,  speeds  below  40  kn  (21  m/s)  are  diffi- 
cult to  measure  accurately  Also,  a  pitot- 
static  tube  assembly  is  usually  installed  in 
the  rotor  downwash,  leading  to  inaccurate 
readings;  and  the  airspeed  is  defined  only 
in  the  direction  in  which  the  tube  assembly 
is  pointed,  while  a  helicopter  can  move 
sideways  and  backward  as  well  as  for- 
ward. Consequently  a  new  airspeed  sen- 
sor has  been  conceived  for  the  accurate 
measurement  of  both  the  airspeed  and  the 


Electrical  Wires 
Carrying  Pressure 
Signals 


direction  of  flight  of  a  helicopter. 

The  figure  illustrates  the  concept.  A 
pressure  transducer  measures  the  differ- 
ence between  the  impact  and  static  pres- 
sures at  the  tip  of  the  rotor  blade  by  use  of  a 
conventional  pitot-static-tube  assembly 
This  assembly  is  oriented  to  face  in  the 
direction  of  the  tangential  velocity  vector  of 
the  tip  of  the  blade.  The  impact  pressure 
sensed  by  the  pitot  tube  consists  of  two 
components;  a  steady  component  due  to 
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The  Direction  of  Motion  of  the  helicopter  is  displayed  by  the  lighting  of  one  of  a  series  of  lamps  that  encircle  a  digital  display  of  the  airspeed. 
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the  rotational  velocity  of  the  rotor  and  an 
alternating  component  due  to  the  linear 
velocity  of  the  helicopter,  because  the 
linear  velocity  of  the  helicopter  is  added  to 
the  velocity  of  the  tip  as  the  tip  moves  in  the 
direction  of  helicopter  motion  and  is  sub- 
tracted as  the  tip  moves  in  the  opposite  di- 
rection. 

The  alternating  component  is  extracted 
from  the  total-pressure  signal  and  used  to 
drive  an  indicator  that  shows  the  airspeed 
of  the  helicopter.  The  phase  of  the  alter- 
nating signal,  when  compared  to  the  rota- 
tional position  of  the  rotor  with  respect  to 
the  frame  of  the  helicopter,  is  used  to  drive 
another  indicator  that  shows  the  direction 
of  motion  of  the  helicopter.  Since  the 
pressure  sensed  by  the  pitot-static  tube  is 
the  sum  of  the  tangential  velocity  of  the  tip 
of  the  rotor  and  the  horizontal  velocity  of 
the  helicopter  and  since  this  pressure  is  a 


squared  function  of  the  velocity  of  the  tube, 
the  amplitude  of  the  cyclic  pressure  com- 
ponent due  to  the  horizontal  velocity  of  the 
helicopter  is  several  orders  of  magnitude 
greater  than  the  steady  pressure  that 
would  be  obtained  from  a  pitot-static  tube 
fixed  to  the  airframe.  This  feature  greatly 
improves  the  sensitivity  of  the  instrument 
to  very  low  airspeeds. 

In  the  system  shown  in  the  figure,  the 
electrical  output  from  the  transducer  is  first 
passed  through  a  passive  high-pass  filter  to 
remove  the  steady  component.  It  is  then 
amplified  to  a  usable  level  and  passed 
through  a  digital  band-pass  filter  to  remove 
noise  and  clean  up  the  signal.  The  center 
frequency  of  the  digital  band-pass  filter  is 
set  by  its  clock  frequency  which  is  a  large 
multiple,  typically  100,  of  the  desired  cen- 
ter frequency  The  clock  frequency  is  gen- 
erated by  a  digital  pickoff  on  the  shaft  of  the 


rotor  so  that  the  center  frequency  of  the 
filter  is  always  set  at  the  rotor  frequency 
The  filtered  signal  is  rectified,  passed 
through  a  linearizing  circuit,  and  presented 
to  the  pilot  on  appropriate  displays. 

An  analog-to-digital  converter  trans- 
forms the  dc  signal  from  the  rectifier  into  a 
digital  format  that  is  displayed  to  the  pilot 
on  a  conventional  light-emitting  diode  or 
liquid-crystal  display  as  the  airspeed  of  the 
helicopter.  The  direction  of  motion  of  the 
helicopter  is  displayed  by  a  series  of  indica- 
tor lamps  selected  by  logic  that  measures 
the  phase  angle  of  the  pressure  signal  with 
respect  to  the  angular  position  of  the  rotor. 

This  work  was  done  by  H.  Douglas 
Garner  and  Richard  F.  Hellbaum  of  Lang- 
ley  Research  Center.  No  further  docu- 
mentation is  available. 
U\R-13598/TN 
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Introduction 

The  purpose  of  this  handbook  is  to 
provide  a  summary  of  the  available  data 
on  various  factors  used  in  assessing 
exposure.  Additionally,  a  number  of 
specific  exposure  scenarios  are  identified 
with  recommendations  for  default  values 
to  use  when  site-specific  data  are  not 
available.  The  handbook  will  provide  a 
common  data  base  which  all  Agency 
programs  can  use  to  derive  values  tor 
exposure  assessment  factors.  Thus,  it 
should  help  improve  the  consistency  with 
which  exposure  assessments  are  con- 
ducted across  the  Agency,  but  still  allow 
different  approaches  as  may  be  appro- 
priate in  consideration  of  policy,  prece- 
dent, or  other  factors.  The  document  is 
published  in  a  3-ring  binder  format  to 
allow  convenient  updates  which  we  plan 
to  make  as  new  data  become  available. 

Background  Information 

The  Exposure  Factors  Handbook  is 
intended  to  serve  as  a  support  document 
to  ERA'S  Guidelines  for  Estimating 
Exposures  (USEPA  1986)  and  Proposed 
Guidelines  for  Exposure-Related  Mea- 
surements (USEPA  1988)  by  providing 
data  on  standard  factors  that  may  be 
needed  to  calculate  human  exposure  to 
toxic  chemicals.  The  Guidelines  were 
developed  to  promote  consistency 
among  the  various  exposure  assessment 
activities  that  are  carried  out  by  the 
various  EPA  program  offices.  This 
handbook  should  assist  in  this  goal  by 
providing  a  consistent  framework  to 
calculate  exposure. 

The  handbook  is  organized  by 
grouping  the  factors  into  those  needed 
for  each  specific  route  of  exposure  (i.e., 
ingestion,  inhalation,  or  dermal)  or  those 
needed  for  more  than  one  route.  Stan- 
dard exposure  scenarios  using  these  fac- 
tors are  included  to  facilitate  the  use  of 
the  data.  Finally,  procedures  for  analyz- 
ing uncertainty  in  exposure  assessments 
are  presented. 

The  Exposure  Factors  Handbook  is  an 
extension  of  earlier  efforts  towards 
standardizing  the  Agency's  exposure 
assessment  calculations  sponsored  by 
the  Exposure  Assessment  Group,  Office 
of  Health  and  Environmental  Assessment, 
Office  of  Research  and  Development. 
The    EPA    report,     "Development    of 


Statistical  Distributions  or  Ranges  of 
Standard  Factors  Used  in  Exposure 
Assessments"  USEPA  (1985),  covered 
body  weight,  body  surface  area,  and 
respiration  rate.  The  results  of  this  study 
are  incorporated  into  this  handbook. 

The  Guidelines  define  exposure  as  the 
contact  with  a  chemical  or  physical 
agent.  The  magnitude  of  the  exposure  is 
the  amount  of  the  agent  available  at 
human  exchange  boundaries  (skin,  lungs, 
gut)  during  some  specified  time.  Starting 
with  a  general  integral  equation  for 
exposure  (USEPA  1988),  several  expo- 
sure equations  can  be  derived  depending 
upon  boundary  assumptions.  One  of  the 
more  useful  of  these  derived  equations 
used  for  dealing  with  lifetime  exposures 
to  agents  with  linear  non-  threshold 
responses  (i.e.,  our  current  assumptions 
about  many  carcinogens)  is  the  Lifetime 
Average  Daily  Exposure  (LADE)  dis- 
cussed below  Exposure  assessments 
are  usually  done  to  support  risk  assess- 
ments: only  exposure  calculations  used 
to  support  cancer  risk  assessments  and 
repeated  and  prolonged  (chronic)  expo- 
sures to  noncarcmogens  are  covered  in 
this  handbook. 

For  cancer  risk  assessments,  expo- 
sure is  averaged  over  the  body  weight 
and  lifetime; 


Lade  Spoil  = 


Total  Exposure 
Body  Weight  X  Lifetime 


The  total  exposure  can  be  expanded  as 
follows: 


Total      _ 

Contam-     ^  Contact  ^  Exposure 

Exposure 

riant  Con-          Rate          Duration 

centration 

Contaminant  concentration  is  the 
concentration  of  the  contaminant  m  the 
medium  (air.  food,  soil,  etc.)  contacting 
the  body  and  has  units  of  mass.volume 
or  mass.  mass. 

The  contact  rate  refers  to  the  rates  of 
inhalation,  ingestion,  and  dermal  contact 
depending  on  the  route  of  exposure.  For 
ingestion,  the  contact  rate  is  simply  the 
amount  of  food  containing  the  contam- 
inant of  interest  that  an  individual  ingests 
during  some  specific  time  period  (units  of 
mass  time)    Much   of   this    handbook    is 
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devoted  to  standard  rates  of  ingestion  for 
some  broad  classes  of  food. 

The  exposure  duration  is  the  length  of 
time  that  contaminant  contact  lasts.  The 
time  a  person  lives  in  an  area,  frequency 
of  bathing,  time  spent  indoors  vs.  out- 
doors, etc.  all  affect  the  exposure  dura- 
tion. The  handbook  gives  some  examples 
of  population  behavior  patterns,  which 
may  be  useful  for  exposure  calculations. 

When  the  above  parameter  levels 
remain  constant  over  time  they  a"--: 
substituted  directly  into  tho  exposure 
equation.  When  they  change  with  time,  a 
summation  approach  is  needed  to 
calculate  exposure.  In  either  case,  the 
exposure  duration  is  the  length  of  time 
exposure  occurs  at  the  concentration  and 
contact  rate  specified  by  the  other 
parameters  in  the  equation. 

The  lifetime  value  used  in  the  above 
equation  is  the  period  of  time  over  which 
the  administered  dose  is  averaged.  For 
carcinogens,  this  should  represent  the 
average  life  expectancy  of  the  exposed 
population.  According  to  the  1986  edition 
of  the  U.S.  Bureau  of  the  Census 
Statistical  Abstract  of  the  United  States, 
the  average  life  expectancy  of  men  and 
women  is  74.7  years,  and  the  figures 
have  shown  a  steady  increase  in  life  span 
through  time.  Therefore,  an  average  fig- 
ure of  75  years  :s  suggested  for  the  life- 
time of  men  and  women.  For  exposure 
estimates  to  be  used  for  assessments 
other  than  carcinogen  risk,  different  aver- 
aging periods  are  frequently  used  Fo. 
acute  exposures,  the  administered  doses 
are  usually  averaged  over  a  day  or  single 
event.  For  chronic  noncancer  effects,  the 
time  period  used  is  the  actual  period  of 
exposure.  The  objective  m  selecting  the 
averaging  time  is  to  express  the  expo- 
sure in  a  way  which  makes  it  comparable 
to  the  dose-response  relationship  used  in 
conjunction  with  the  exposure  estimate  to 
calculate  risk. 

The  body  weight  used  to  calculate  the 
total  exposure  in  the  above  equation 
should  reflect  the  average  weight  of  the 
exposed  population  during  the  time  when 
the  exposure  actually  occurs.  If  the  expo- 
sure occurs  continuously  throughout  an 
individual's  life  or  only  during  the  adult 
ages,  using  an  adult  average  weight  of  70 
kg  should  provide  sufficient  accuracy. 
However,  when  the  exposure  is  limited  to 
childhood,  the  weight  representing  those 
ages  should  be  used. 

Exposure  Factors 

The  handbook  summarizes  the 
available  data  on  the  following  exposure 
factors: 

•  drinking  water  consumption 

•  consumption    of    homegrown 
fruits  and  vegetables 

•  consumption  of  homegrown  beef 
and  dairy  products 


•  consumption    of    recreationally 
caught  fish  and  shellfish 

•  soil  ingestion 

•  inhalation  rates 

•  body  surface  area 

•  lifetime 

•  body  weight 

•  activity  patterns 

For  each  of  these,  the  available  literature 
is  summarized  and  historical  precedents 
discussed. 

Consumption  Rate 

The  water  consumption  rate  of  2  Lday 
is  a  historical  figure  set  by  the  US   Army 

90th 
Average       Range      percentile 
(Uday)  (Uday)        (Lday)       Reference 

1,63  '-  '-  NAS  1977 

(calcu- 
lated) 
1.39        0.80-1,96         2  0         Cantor  et  al, 

1987 
1,25        0.08-2.80         190  Gillies  and 

Pauiin  1933 
1  20  -  -  Pennington 

1983 
Ave.  1 .4 

and  used  extensively  throughout  the  EPA 
and  other  agencies.  As  discussed  m 
Section  2.2,  Part  I,  the  scientific  literature 
suggests  an  average  adult  drinking  water 
consumption  rate  of  1.4  L/day.  These 
data  can  be  summarized  as  follows: 

For  reasonable  worst-case  value,  the 
90th  percentile  rate  reported  by  Gillies 
and  Paulin  (1983),  1.90  L'day,  suggests 
that  a  rate  of  2.0  Lday  may  be  a 
reasonable  approximation.  The  90th 
percentile  value  suggested  by  Cantor  et 
al,  (1987)  IS  also  approximately  2,0  L'day, 
This  value  is  recommended  as  the 
reasonable  worst-case  consumption  rate. 

Exposure  Duration 

It  IS  assumed  that  an  individual  is 
exposed  every  day  at  the  same  con- 
sumption rate.  Assuming  that  an 
individual  spends  an  average  of  9  years 
at  each  residence,  total  exposure  would 
be  for  3,285  days.  Using  a  reasonable 
worst-case  assumption  of  30  years  at  any 
one  residence,  total  exposure  would  be 
10,950  days  These  9-  and  30-year 
values  represent  a  judgment  of  how  long 
a  person  will  live  m  one  area  (See  Section 
535). 


John    Sc/iaum   (also   the   Project   Officer)  is   with   the   Office   of  Health   and 

Environmental  Assessment.  Washington.  DC.  20460. 
The  complete  report,  entitled  "Exposure  Factors  Handbook. "  (Order  No.  PB  90- 
706  774: AS:  Cost:  $31.00.  sub/ect  to  change)  will  be  available  only  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 

Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Office  of  Health  and  Environmental  Assessment 

U.S.  Environmental  Protection  Agency 

Washington.  DC.  20460 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Method  Allows  Quicker,  Cheaper  Analyses  of  Trace 
Elements 


Preparing  samples  of  contaminated  soils,  sediments,  and  sludges  for  analysis  of  environmentally  hazardous  trace 
elements  can  be  time  consuming.  Typically  such  preparations,  in  which  the  sample  is  immersed  in  acid  and  hcaicd 
with  hot  plates  and  reflux  systems,  take  8  to  24  hours  to  complete.  Now  a  project  of  NIST  and  the  Environmental 
Protection  Agency  (EPA)  has  produced  a  method  that  uses  a  healing  device  similar  to  a  kitchen  microwave  oven  lo 
cut  drastically  the  sample  preparation  time.  Reseiirch  at  NIST  has  shown  that  by  using  microwave  energy  to  heal  a 
sample  in  acid  within  a  closed  vessel,  the  processing  time  can  be  shaved  to  10  minutes.  Because  so  much  time  is 
saved,  the  NIST/EPA  method  substantially  lowers  the  cost  of  each  analysis.  Recent  tests  also  indicate  that  the  new 
technique  will  allow  trace  elements  to  be  detected  at  lower  levels.  The  method  was  accepted  by  EPA  after  a 
successful  demonstration  involving  15  laboratories  and  will  be  added  to  EPA's  procedures  for  its  Resource 
Conservation  and  Recovery  Program  and  its  "Superfund"  program. 

FOR  ADDITIONAL  INFORMATION:  Dr.  H.  M.  Kingston,  Room  A-345  Chem.  Bldg.,  National  Institute  of 
Standards;  (301)975-4136.  Media  Contact:  John  Henkel,  301/975-2762. 
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Technology  Application 


Solar  Energy  Research  Institute 

Unique  Device  Detects  and  Analyzes  Emissions 


SERI  researchers  have  developed 
a  unique  device  that  can  keep  a 
watchful  eye  on  emissions  from  high- 
temperature  processes,  including 
those  that  are  nearly  impossible  to 
detect  using  conventional  methods. 

The  device,  called  a  molecular 
beam  mass  spectrometer  (MBMS),  is 
now  playing  a  key  role  in  detecting 
and  analyzing  emissions  from 
pyrolysis  and  gasification — two  im- 
portant biomass-to-energy  proces- 
ses— as  well  as  monitoring  the 
results  of  hazardous  waste  destruc- 
tion using  solar  thermal  systems.  It  is 
also  being  used  to  study  plastics  recy- 
cling. A  portable  MBMS  could  easily 
be  designed  to  monitor  combustion 
emissions  from  incineration  plants, 
woodstoves.  and  industrial  processes. 

The  MBMS  can  monitor  emissions 
at  concentrations  of  a  few  parts  per 
million,  in  real  time  at  the  millisecond 
level.  This  capability  is  possible 
thanks  to  a  unique  combination  of 
reactor  systems,  triple-quad  mass 
spectrometer,  and  multivariate  statisti- 
cal analysis.  The  triple-quad  tech- 
nique allows  identification  of  gaseous 
components  without  prior  separa- 
tion, an  important  factor  in  monitor- 
ing difficult-to-detect  reactive  or 
condensible  substances. 

Measurement  and  analysis  take 
place  after  expanding  a  gas  sample 
through  a  free  jet,  causing  pressure 
to  drop  more  than  100,000  times. 


SERI's  molecular  beam  mass  spectrom- 
eter monitors  emissions  in  biomass-to- 
energy;  experiments.  It  could  also  be 
used  to  detect  combustion  emissions 
from  woodstoues.  incineration  plants, 
and  industrial  processes. 


i 


Molecules  cool  rapidly,  moving  direct- 
ly into  the  spectrometer.  Rapid 
sample  screening  and  multivariate 
analysis  can  then  be  performed  on 
the  full  range  of  gaseous  byproducts, 
ranging  from  hydrogen  and  carbon 
monoxide  to  complex  organic 
compounds. 

Contact:    Tom  Milne 

(303)231-1440 


Solar  Energy  Research  histitutc 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 
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Technology  Application 


Oak  Ridge  National  Laboratories 


Bulletin  Number  706 


An  On-Line  Voltammetric  Analyzer  for  Trace  Metals  in 
Wastewater 


Key  words:  Environmental  monitoring;  real-time 
sampling;  wastewater  treatment;  voltammetric 
wastewater  analyzer 

Current  R&D  in  environmental  monitoring 
emphasizes  real-time  sampling,  analysis,  and 
control  of  wastewater  streams.  The  traditional 
method  of  grab  sampling  with  delayed  analysis  is 
becoming  more  costly  and  less  efficient  as  stricter 
environmental  regulations  are  implemented. 
Although  laboratory  methods  have  been  developed 
that  can  detect  metals  in  the  parts-per-million 
range  in  real  time,  most  of  these  miethods  are  too 
complex  or  too  expensive  to  adapt  to  on-line 
field  applications. 

Researchers  at  ORNL  have  developed  an  on-line 
voltammetric  wastewater  analyzer  (OVWA)  to 
address  this  problem.  This  new  device  brings  the 
power  of  polarographic  analysis  to  the  field  for 
relatively  inexpensive,  sensitive,  real-time 
measurement  of  contaminants  in  the  parts-per- 
billion  range.  It  can  be  used  to  characterize 
wastewater  streams  with  variable  contaminant 
loading,  analyze  the  control  of  wastewater 
treatment  in  real  time,  and  monitor  treatment-plant 
discharge  to  ensure  regulatory  compliance. 

OVWAs  have  been  installed  for  trace-metals 
analysis  at  three  points  in  the  ORNL  process 
wastewater  system.  They  analyze  the  metals  of 
concern  (cadmium,  chromium,  copper,  nickel,  lead, 
and  zinc)  at  the  parts-per-billion  level  with  a  cycle 
time  of  30  min  (Fig.  1 ).  These  systems  have 
operated  unattended  for  up  to  3  d,  and  their  results 
have  compared  favorably  with  the  results  of 
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Fig.  1.  An  example  of  OVWA  analysis  of  ORNL 
process  wastewater. 


inductively  coupled  plasma  spectroscopy  analysis 
of  concurrent  grab  samples.  The  analytical  methods 
now  used  in  the  OVWA  can  be  adapted  (without 
adding  equipment)  to  determine  the  levels  of  other 
metals,  anions,  and  electroactive  organics. 
Pretreatment  schemes  may  be  necessary  for  the 
application  of  the  OVWA  to  wastewater  streams 
containing  compounds  that  may  interfere  with  the 
analyses  (such  as  complexing  agents,  surfactants, 
and  certain  organics). 
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Fig.  2.  Diagram  of  the  OVWA  system. 


The  OVWA  is  a  combination  of  custom-made 
and  commercially  available  components  (Fig.  2).  A 
single  controller  can  operate  up  to  four  electrodes 
at  once  by  means  of  a  multiplexer.  To  ensure  re- 
peatable  results,  the  entire  assembly  is  housed  in 
a  heated,  air-conditioned  enclosure  that  maintains 

0 

a  constant  temperature  (!l  C  ). 

Current  and  voltage  relationships  between  a 
mercury  drop  electrode  and  the  sample  solution 
are  used  to  quantify  electroactive  constituents  in 
water  samples.  To  initiate  a  sampling  sequence, 
the  controller  signals  the  automated  electrode 
system,  causing  an  electrochemical  cell  to  be 
flushed  and  filled.  The  automated  electrode 
system  signals  the  dual-head  peristaltic  pump, 
which  delivers  equal  amounts  of  filtered 
wastewater  and  electrolyte/buffer  to  a  mixing 
junction.  The  combined  solution  collects  in  an 
interface  vessel  from  which  a  sample  is  drawn.  A 


prescribed  determination  is  then  carried  out,  and 
the  data  are  reported  back  to  the  controller.  The 
controller  can  store  up  to  nine  curves  of  sample 
data;  larger  amounts  are  stored  on  the  personal 
computer. 

B.  R.  Clark  et  al.,  "An  On-Line  Voltammetric  Analyzer      f 
for  Trace  Metals  in  Wastewater, "/Ana/.  Chim. 
Acta2A5,  13-20(1988). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge.  TN  37831-8218 

Telephone:  (615)  574-4192:  FTS  624-4192 
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Technology  Application 


Ames  Laboratory 


ANALYZING  ENVIRONMENTAL  POLLUTANTS 


Detecting  environmental  pollutants  requires  sensitive  and  element-selective  analytical 
devices.  Ames  Laboratory  scientists  have  developed  the  Helium  Afterglow  Discharge  Detector 
(HeAD)  to  meet  this  need.  The  Afterglow  Detector  can  distinguish  between  sulfur-  and 
phosphorus-containing  pesricides  such  as  malathion  and  parathion,  and  between  chloride-, 
bromide-,  and  iodide-containing  organic  comfX)unds,  which  may  be  mutagenic.  It  stands  out  as  one 
of  only  two  detectors  with  the  potential  to  identify  every  element,  except  helium,  with  high 
sensitivity. 

The  HeAD,  winner  of  a  1985  IR»100  Award,  also  has  the  potential  for  givmg  online  chemical 
formula  information  about  unknowm  compounds.  This  capability  makes  it  well-suited  for  quality 
control  during  the  production  of  many  industrial  materials.  Applications  include  the  detection  of 
arsenic  contaminants  during  plastics  manufacturing  and  tracking  impurities  in  flue  gas. 

When  a  sample  is  injected  into  the  instrument,  sample  atoms  are  broken  apart  upon  collision 
with  the  helium  atoms  and  molecules.  The  researchers  chose  to  use  helium  because  its  excited 
atoms  and  molecules  have  higher  energy  than  those  of  nitrogen  and  argon.  It  is  thus  more  efficient 
in  exciting  smaller  traces  of  substances. 

In  this  process,  the  helium  transfers  its  energy  to  the  sample  atoms.  As  the  sample  atoms 
eventually  lose  this  energy,  they  emit  a  colored  afterglow  that  "fingerprints"  their  identity.  By 
observing  the  wavelength  pattern  of  the  optical  spectra,  users  of  the  HeAD  can  identify  all  the 
elements  in  a  compound. 

HeAD  offers  several  advantages  over  other  instruments  on  the  market.  Used  in  conjunction 
with  a  gas  chromatograph,  it  feeds  each  sample  fraction  directly  into  the  afterglow  at 
atmospheric  pressure,  and  is  faster  and  more  energy-efficient.  Because  it  can  detect  all  elements, 
to  the  parts-per-billion  level,  it  replaces  six  to  eight  detectors  that  would  otherwise  be  needed  to 
achieve  the  same  broad  range  of  capabilities.  This  eliminates  the  need  for  costly  supplemental 
attachments,  an  important  factor  in  a  competitive  market. 


Literature:   G.  W.  Rice,  A.  P.  D'Silva,  and  V.  A.  Fassel,  "A  New  Helium  Discharge  Afterglow 

and  its  Application  as  a  Gas  Chromatographic  Detector,"  Spectrochernica  Acta,  Vol.  40B,  p. 

1573-1584,  1985. 

Patent/License  Status:  U.S.  Patent  No.  4^86,368.  Licensed  to  CETAC  Technologies,  Ames,  \A. 

Potential  Application/Spinoffs:    Environmental  analysis,  plastics  manufacturing. 

For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  Uni\crsitv, 

Ames,  Iowa  50011  (515)294-2635. 
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Manufacturing,  Machinery  & 
Tools 


0878  Assembly  System  Implementation  (ASI) 

0879  Design  and  Manufacture  of  Advanced  Tfiermoplastic  Structures 

0880  Manufacturing  Technology  for  Powder  Processed  Blades  and  Vanes 

0881  Soldering  System 

0882  Gasless  Metal  Atomization  and  Spray-Forming  Nozzle 

0883  Machiining  and  Surface  Preparation  of  Advanced  Ceramics 

0884  EMPF  Examines  Evaporation  Rates  and  Steam  Aging 

0885  Centrifugal  Barrel  Finisfiing  of  Turbine-Blade  'Fir  Trees' — Residual 
compressive  stresses  and  smooth  surfaces  are  obtained 
simultaneously.  (Licensing  Opportunity) 

0886  Etching  Electrode  Prevents  Arcs — A  wooden  part  replaces  a  stainless- 
steel  part  and  works  better.  (Licensing  Opportunity) 

0887  Spot-Welding  Gun  With  Adjustable  Pneumatic  Spring — Controlled  force 
would  be  applied  at  any  position  within  the  stroke. 

0888  Squeezing  Salvages  Oversize  Seals — Thermal  and  mechanical 
properties  of  the  seal  material  are  used  to  advantage. 

0889  Weld-Bead  Shaver — a  tool  produces  a  smooth  joint  without  overcutting. 
(Licensing  Opportunity) 


Testing  &  Instrumentation 

0890  Bar-Code  System  Tracks  Test  Equipment — Administration  of  a 
complicated  system  is  speeded  and  simplified. 

0891  Calibration  for  On-Machine  Inspections — Measurements  of  machined 
parts  are  made  faster,  more  convenient,  and  more  reliable. 


Other  Items  of  Interest 

0896     Modular  Veneer  Press  Dryer 
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Technology  Assessment 

U.S.  Air  Force 


Assembly  System  Implementation  (ASI) 


Development  and  implementation  of  Computer 
Integrated  Manufacturing  (CIM)  concepts  is  em- 
bodied in  the  industrial  modernization  incentive 
program  for  ASI.  Together  with  Douglas  Aircraft 
Company,  MANTECH  is  moving  forward  in  the 
design,  development,  and  implementation  of  CIM 
concepts  to  achieve  reductions  in  above-the-shop- 
floor  (nonmanufacturing  operations)  production 
costs  in  the  assembly  of  C-17  transport  aircraft. 

The  program  is  a  complete  look  at  Douglas  Air- 
craft Company's  assembly  operations  beginning 


with  decision-making  operations  to  the  shop-floor 
processes  involving  areas  of  work  center  manage- 
ment, integrated  design,  and  assembly  operations. 
ASI  began  in  June  1989  and  is  scheduled  to  be  com- 
pleted in  June  1992.  Opportunities  for  improve- 
ment include  reduction  in  labor  costs,  reduction  of 
tooling  and  inventory,  improvement  of  communica- 
tion among  systems,  optimization  of  people/ 
machines,  and  use  of  feedback  to  monitor  processes 
and  detect  potential  problems. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  the  effort  further,  contact:  Project  engineer:  Lt. 
Mary  Gomez,  Air  Force  Manufacturing  Technology  Program,  ATTN:  AFWAL/MTIB,  Wright 
Patterson  AFB,  OH  45433-6533;  (513)255-7371.  Refer  to  contract  F33657-81-C-2108. 
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Technology  Assessment 

U.S.  Air  Force  :       •.    ^  ' 


Design  and  Manufacture  of  Advanced  Thermoplastic 
Structures 


Many  years  of  materials  development  and  manufacturing  experience  have  resulted  in  the  extensive  application  of 
thermoset  resin-reinforced  composites  in  airframe  structures.  Much  greater  use  is  projected  for  future  aircraft  systems. 

Concurrently,  exploratory  development  on  matrix  materials  has  resulted  in  the  availability  of  thermoplastic  resins  with 
mechanical,  physical,  and  damage  tolerance  properties  that  make  composite  materials  even  more  attractive  for  airframe 
structures.  The  chemistry  of  the  thermoplastic  matrix  indicates  potential  manufacturing  and  production  advantages,  such 
as  unlimited  shelf  time  and  the  ability  to  be  postformed  to  intricate  shapes.  The  very  limited  manufacturing  knowledge 
and  experience  with  these  new  materials  preclude  maximum  exploitation  of  their  increased  performance  capability. 
Optimum  fabrication  processes  and  limits  must  be  established  to  enable  maximum  use  of  these  composite  materials  and 
to  realize  the  cost  and  performance  advantages. 

The  objective  of  this  project  is  to  establish  and  validate  advanced  design  and  low  cost  manufacturing  technology  for  the 
production  of  thermoplastic  sU'uctures  for  the  next  generation  of  advanced  Air  Force  aircraft.  The  specific  thermoplastic 
matrix  materials  to  be  used  will  be  selected  primarily  by  performance  factors,  including  laminate  mechanical  property  data 
and  physical  properties.  Emphasis  will  be  placed  on  impact  resistance,  cost,  and  material  availability. 

The  material  handling  and  consolidation  and  fabrication  methods  will  be  generic  to  a  wide  range  of  thermoplastic  matrix 
materials  for  broad  application.  Limits  will  be  established  for  the  postformability  to  typical  aircraft  component  shapes.  A 
cost  benefit  analysis  to  compiirc  thermoplastic  versus  thermoset  matrix  composite  structure  also  will  be  provided. 

Reduced  manufacturing  and  fabrication  costs  are  expected  to  result  from  the  use  of  manufacturing  and  design  technology 
established  during  this  project.  Thermoplastic  matrix  composites  have  the  potential  to  provide  high  performance 
composite  structures  with  a  lower  total  materials  and  fabrication  cost  compared  to  thermoset  materials.  Lower  materials 
and  fabrication  cost  reduction  will  come  from  .shorter  process  cycle  times  and  the  postforming  of  consolidated  laminates  to 
airfoil  shapes  by  using  existing  metal-forming  techniques  and  equipment.  Major  benefits  are  expected  from  the 
application  of  this  material  to  advanced  technology  fighter  and  other  future  aircraft  systems.  Interim  benefits  are 
expected  from  selected  applications  on  inventory  aircraft  through  spares  and  remanufacturing  programs  at  Air  Force 
Logistic  Centers. 

FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  conuict:  Project  engineer:  Diana  Carlin,  Air  Force 
Manufacturing  Technology  Program,  ATTN:AFWAL/MTPN,  Wright  Patterson  AFB,  OH  45433-6533;  (513)255-7361. 
Refer  to  contract  F33615-87-C-5333  (Lockheed)  and  F33615-87-C-5242(Northrop). 
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Technology  Assessment 

U.S.  Air  Force 


Manufacturing  Technology  for  Powder  Processed  Blades 
and  Vanes 


The  purpose  of  this  project  was  to  establish  manufacturing  methods  for  the  production  of  turbine 
blades  and  vanes  from  rapidly  solidified  rate  (RSR)  powder  process  alloys  so  either  a  6  to  10  times 
improvement  in  durability  or  a  139  degrees  C  (250  degrees  F)  increase  in  turbine  inlet  temperature 
capability  can  be  achieved  over  current  military  engine  airfoils. 

Airfoils  were  fabricated  and  configured  to  fit  in  the  envelope  of  the  current  F  100(3)  Ist-stage 
turbine  blade.  The  F100(3)  and  Fl  19-PW-lOO  1st  stage  turbirie  vanes  also  were  fabricated.  The 
three  components  were  subsequently  engine  tested. 

The  technical  effort,  covering  57  months,  was  divided  into  six  phases.  Phase  I  consisted  of  powder 
production,  consolidation  methods,  and  wafer  stock  processing  for  turbine  blades  and  vanes.  Phase 
II  established  the  required  fabrication  methods  for  wafer  cooling  passage  machining,  diffusion 
bonding,  directional  recrystallization,  and  machining  of  airfoil  shapes  for  both  the  blades  and  vanes. 
Phase  III  consisted  of  fabrication  of  blades  and  vanes  for  engine  testing.  Phase  IV  provided  the  Air 
Force  with  approximately  3,500  pounds  of  optimized  vane  alloy  powder.  Phase  V  established  the 
suitability  of  fabrication  airfoils  for  engine  testing.  Phase  VI  provided  for  fabrication  of  vanes 
suitably  modified  to  enhance  survivability  over  those  fabricated  in  Phase  III. 

The  major  accomplishments  of  this  program  are  listed  below: 

Uncoated  technology  was  demonstrated  through  engine  testing. 

A  scale-up  RSR  powder  process  was  achieved,  whereby  production  size  heats  (2,000  pounds)  were 
routinely  produced  at  yields  greater  than  85  percent. 

Directional  recrystallization  (DR),  using  diffusion  bonded  seed  crystals,  was  demonstrated  as  a 
workable  means  of  producing  single  cyrstals  through  solid-state  methods.  Furnaces,  capable  of 
providing  steep  planar  temperature  gradients,  were  critical  to  this  achievement.  Seed  transfers 
across  the  diffusion  bond  were  in  excess  of  98  percent.  Overall  single  crystal  yields  in  lengths 
of  17  inches  exceeded  80  percent. 

Manufacturing  methods  were  established  and  demonstrated  for  producing  machined  turbine  blades 
and  vanes  that  encompassed  sophisticated  cooling  schemes.  Of  particular  significance  was  the 
adaptation  of  a  wire  EDM  process,  which  allowed  for  extremely  tight  tolerance  fit  up  for  subsequent 
joining. 

Metallurgical  texture  played  a  dominant  role  in  determining  the  crystallographic  orientation  of 
crystals  produced  through  DR.  As  a  result,  a  better  understanding  was  gained  of  the  generation 
of  textures  during  the  metal  working  of  superalloys.  This  knowledge  is  being  applied  to  the 
production  of  gas  turbine  engine  shafting.  The  results  show  increases  in  shaft  stiffness  greater 
than  25  percent. 
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The  technical  resuUs  of  this  project  are  reported  in  AFWAL-TR-88-4228,  January  1989.  This  report 
was  prepared  by  the  prime  contractor,  Pratt  &  Whitney  of  West  Palm  Beach,  Florida. 

FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Project  engineer: 
Kenneth  L.  Kojola,  Air  Force  Manufacturing  Technology  Program,  ATTN:AFWAL/MTPM,  Wright 
Patterson  AFB,  OH  45433-6533;  (513)255-5151.  Refer  to  contract  F33615-80-C-5018. 


Technology  Fact  Sheet 

U.S.  Air  Force 


Soldering  System 


SYNOPSIS 

The  STA-TEMP  System  uses  high  radio  frequency  current  induced  onto 
the  skin  surface  of  specially  constructed  heaters.  These  heaters 
have  very  high  resistance  and  heat  output  at  ambient  temperature, 
allowing  them  to  come  up  to  soldering  temperature  very  quickly.  At 
the  designed  idle  temperature  they  have  much  lower  resistance  and 
heat  output.  This  self  regulating  feature  provides  very  stable 
idle  temperature.  When  the  temperature  of  the  heater  drops  as  a 
result  of  heat  extraction  (at  the  beginning  of  a  soldering 
operation),  the  heater  switches  back  to  its  high  energy  state  and 
pumps  heat  into  the  soldering  tip.  The  heater  continues  to 
generate  high  amounts  of  heat  until  it  returns  to  the  idle 
temperature.  Metcal,  controls  the  idle  temperature  and  maximum 
heat  output  by  the  heater  materials  and  designing  the  heater 
construction. 

APPLICATIONS 

Fielded:  Texas  Instruments,  Motorola,  Hamilton  Standard,  GE,  Allied 

Signal,  Digital  Equipment,  Litton,  Boeing,  Honeywell,  IBM, 

Raytheon,  Jacksonville  NARF,  Sacramento  Army  Depot,  Crane 

Naval  Weapons  Support  Center  and,  Warner  Robins  AFB. 

STA-TEHP  SOLDERING  SYSTEH 
AIR    FORCE     R&M    2000    GOAL    HIGHLIGHTS 

Increase  Combat  Capability:  Minimizes  the  number  of  weapon  systems  electronics  failures  due  to  poor  soldering  joints. 
Decrease  Manpower  Requirements:  Through  enhanced  productivity  and  a  decrease  in  rework  requirements  when  manufacturing 

or  repairing  electronic  assemblies. 

BENEFITS/DRAWBACKS 

Use  of  this  technology  will  enhance  performance  through  an  increase  in  MTBF  of  repair  items.  Use  of  the  STA-TEMP 
System  in  the  field  will  also  help  decrease  equipment  turn  around  lime  on  weapons  systems  through  its  higher  heating 
efficiency  and  increased  productivity.  More  rapid  initial  heatup  and  tip  temperature  recovery  times  lead  to  higher 
productivity.  Much  more  stable  idle  tip  temperatures  with  no  possibility  of  overheating  lowers  component  and  board 
damage  rates  leading  to  lower  rework  requirements.  This  one  tool  can  do  many  jobs,  such  as,  the  generation  of  variable 
amounts  of  heat  which  is  conu-olled  by  the  requirements  of  the  application.  The  STA-TEMP  system  utilizes  small  heaters 
which  enable  the  design  of  a  wide  variety  of  tips  to  meet  any  application.  It  has  an  electrical  design  which  provides  a 
consistently  low  resistance  path  to  ground,  and  a  low  tip  voltage.  Productivity  gains  from  board  damage  elimination  in  ihc 
20-30%  range  are  not  uncommon  with  these  tools. 

One  concern  is  the  higher  acquisition  cost  compared  to  alternative  approaches.  However,  repealed  evaluations  have  shown 
that  the  higher  investment  quickly  pays  for  itself  in  quality  and  productivity. 
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DOCUMENTATION  "^  •  * 

Mclcal  Part  Numbers:  STSS-022  The  Soldering  System,  STSS-004  The  Desoldering  System,  STSS-005  Ihc  combination 
Soldering  and  Desoldering  System.  The  components  of  the  three  systems  and  the  various  tips  have  individual  part 
numbers.  All  systems  have  been  tested  to  the  current  Military  Specifications  and  exceed  the  requirements  of  MIL-STS- 
2000,  MIL-STD-45743E,  WS-6536D  and  E  and,  DOD-STD-1686  Class  1.  The  systems  are  also  UL  and  FCC  approved. 
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STA-TEMP  SOLDERIHG  SYSTEM 


TECHNOLOGY  CONTACT 

Office: 

NAVIRSA  DET  EHPF 

. 

1417  N  Norma  St 

Ridgecrest,  CA  93555-2510 

Attn: 

Mr  Mike  Frederickson 

AUTOVON: 

437-3534/3062 

Comni: 

619-446-7706 

Office: 

HETCAL  Inc. 

STA-TEMP  Division 

1530  O'Brien  Dr. 

Menlo  Park,  CA  94025 

Attn: 

Mr  Ron  Switzer 

Comm: 

415-325-3291 

V  u 


USER 

CONTACT 

Office: 

SM-ALC/MAIP 

McClellan  AFB,  CA  95652-5609 

Attn: 

Mr  Hike  Jones  (Production  Manager) 

AUTOVON: 

633-2089 

Comm: 

916-643-2089 

Office: 

EOS/ESD  Technical  Supervisor 

PCS  Repair  Facility  (Mr.  Chuck  Gerdel) 

Sacramento  Army  Depot 

Sacramento,  CA  95813-5036 

AUTOVON: 

839-4459 

Comm: 

916-388-4459 

This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Acquisition  Logistics  Division,  Joint  Technology  Applications  Office  (ALD/JTT).  Determining 
the  feasibility  of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation 
of  system  requirements  and  the  capabilities  provided  by  the  technology.  For  further  information  on 
the  subject  technology,  please  contact  the  listed  organizations.  Comments  or  questions  about  the 
Techology  Transfusion  Opportunities  Program  are  welcomed  and  should  be  addressed  to  ALD/JTT, 
Wright-Patterson  AFB,  OH  45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 
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Technology  Application 


Oak  Ridge  National  Laboratories 
Bulletin  Number  708 


Gasless  Metal  Atomization  and  Spray-Forming  Nozzle 


Key  words:  Thermal  spray:  metal  powder;  metal 
coating;  metallizing;  magnetohydrodynamic  forces; 
high-vacuum  operation 


Thermal  spraying  is  widely  used  to  produce 
metal  powders  and  to  apply  protective  coatings.  In 
the  conventional  thermal-spraymg  process,  molten 
metal  feedstock  is  propelled  and  atomized  by  a 
high-velocity  stream  of  inert  gas.  This  process  has 
several  drawbacks.  It  is  noisy  and  cumbersome 
and  must  satisfy  stringent  environmental 
requirements.  The  inert  gases  are  expensive,  and 
their  use  eliminates  the  possibility  of  high-vacuum 
operation.  Also,  these  gases  dissolve  in  the  metal, 
thus  reducing  the  quality  of  the  finished  product. 

A  unique  nozzle  recently  developed  at  ORNL 
does  not  require  an  inert-gas  propellant;  the  spray 
is  propelled  by  magnetohydrodynamic  forces.  This 
device  is  cheaper,  quieter,  simpler,  and  more 
versatile  than  gas-fed  nozzles.  It  can  operate  in 
air,  inert  gas,  or  a  vacuum.  Molten  metal  is  fed  into 
a  gap  between  two  electrodes,  which  are  located 
between  the  faces  of  a  dc  electromagnet.  This 
setup  generates  a  very  large  force  that  atomizes 
and  accelerates  the  molten  metal,  as  shown  in  the 
vector  diagram  in  Fig.  1 . 


Fig.  1.  A  very  large  magnetohydrodynamic  force  is 
generated  in  a  conductor  that  is  placed  in  the  field 
where  an  electrical  current  and  a  magnetic  flux  are 
held  at  right  angles  to  each  other.  This  force 
atomizes  and  propels  molten  metal  in  a  path  normal 
to  the  plane  in  which  current  and  flux  cross. 
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Fig.  2.  Gasless  metal  atomization  and  spray-forming 
nozzle  shown  spraying  metal  to  form  a  slieet. 


The  new  nozzle  can  produce  powders  or  can 
deposit  metal  onto  a  substrate  (Fig.  2)  to  form  a 


protective  coating  or  to  produce  high-purity  sheets, 
plates,  and  near-net  shapes.  Because  this  process 
uses  no  gas  for  atomization,  the  liquid  droplets 
can  be  cooled  at  a  controlled  rate  to  produce  a 
range  of  microstructures  with  distinct  mechanical 
properties.  This  method  also  produces  powders  of 
higher  purity  than  are  available  commercially.  The 
irregularly  shaped  particles  that  compose  these 
powders  are  by  far  superior  to  conventional 
spherical  particles  for  cold  compaction  into  dense 
shapes;  unlike  commercial  powders,  they  contain 
no  dissolved  inert  gases  to  expand  and  leave 
pores  during  consolidation  processes.  Because 
this  device  can  operate  in  reduced-pressure  and 
high-vacuum  environments,  it  is  uniquely  suited  for 
use  with  highly  reactive  metals  (such  as  titanium, 
niobium,  and  tantalum)  and  their  alloys. 


No  further  documentation  is  available  for 
this  technology. 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 


Telephone:  (615)  574-4192;  FTS  624-4192 
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Technology  Application 


Oak  Hidge  National  Laboratories 


Bulletin  Number  714 


Machining  and  Surface  Preparation  of  Advanced  Ceramics 


Key  ivords;  Ceramics;  machining;  surface 
preparation;  high-temperature  systems 

Ceramics  are  lightweight  and  remain  strong  and 
chemically  stable  at  high  temperatures,  making 
them  uniquely  suited  for  use  in  applications  such 
as  microelectronics,  cutting  tools,  ceramic  armor, 
turbine  blades,  heat-engine  components,  and 
wear  parts.  The  commercial  production  of 
advanced  ceramic  components  will  grow  as  new 
applications  are  found  and  production  techniques 
are  improved.  Currently,  however,  the  high  cost 
and  poor  reliability  of  these  components  hinder 
more  rapid  commercialization  of  advanced 
ceramic  materials. 

Machining  ceramic  components  to  the  desired 
shape  and  surface  finish  contributes  to  both  the 
high  cost  and  poor  reliability.  Costs  are  high 
because  machining  of  these  very  hard  materials 
into  components  by  even  the  best  techniques  is 
very  time  consuming.  Reduced  strengths  and 
poor  reliability  result  because  significant  surface 
cracks  or  flaws  are  created  by  even  the  gentlest 
machining  process  (Fig.  1).  Therefore,  improved 
machining  processes  offer  potential  to  reduce 
costs,  improve  reliability,  and  make  advanced 
ceramics  practical  for  many  engineering 
applications. 

Ceramic  components  can  be  machined  by 
processes  using  mechanical  or  thermoelectric 
energy.  Abrasion  by  means  of  a  diamond  wheel, 
by  far  the  most  frequently  used,  removes  material 
primarily  by  brittle  fracture  and,  to  a  lesser  extent, 
by  plastic  deformation.  Unfortunately,  machining  of 
ceramics  with  abrasive  wheels  requires  precision 
machines  very  different  from  those  designed  for 


RADIAL   CRACK 


PLASTIC 
DEFORMATION 


Fig.  1.  Drawing  showing  median,  lateral,  and  radial 
cracks  that  result  from  machining. 


machining  conventional  construction  materials 
of  this  century  such  as  steels,  nonferrous  metals, 
and  various  plastics.  Traditional  abrasive 
machining  consists  of  a  sequence  of  grinding 
steps  of  decreasing  severity  to  remove  material 
from  the  workpiece.  Each  step  of  an  optimized 
machining  operation  is  designed  to  remove  the 
damage  introduced  by  the  previous  step.  Complex 
shapes  such  as  threads  or  curves  are  normally 
machined  using  carefully  contoured  diamond 
wheels. 

Erosive  techniques  use  either  pressurized  air, 
pressurized  water,  or  ultrasonic  vibration  to  propel 
abrasive  particles  toward  the  workpiece.  Unlike 
abrasive  techniques,  air-  and  water-jet  machining 
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Fig.  2.  Ultrasonic  abrasive  machining  processes,  (a)  The  reciprocating  action  of  soft  (brass  or  bronze)  cutting 
tools  in  an  abrasive  slurry  erodes  the  ceramic,  {b)  Ultrasonic  vibration  is  applied  to  a  rotary  diamond  wheel, 
which  is  cooled  and  flushed  by  pressurized  water. 


generate  minimal  thermal  stresses  and  inflict  very 
little  damage  on  the  material  surface.  However, 
these  techniques  are  seldom  used  on  ceramics; 
their  usefulness  is  limited  to  cutting  or  drilling  thin 
layers  of  material  because  close  tolerances  cannot 
be  maintained  on  flat  or  contoured  surfaces. 
Ultrasonic  erosion  is  preferred  for  drilling  holes  or 
irregularly  shaped  cavities  because  it  is  faster  and 
leaves  a  better  surface  finish  (Fig.  2). 

The  thermoelectric  techniques  of  electrical- 
discharge,  laser-beam,  and  electron-beam 
machining  remove  material  by  melting  and 
vaporization.  Significant  strength  reduction  occurs 
because  microcracks  are  created  when  melted 
material  resolidifies.  Electrical-discharge 
machining  is  a  commercial  process  but  only 
applicable  to  conductive  materials  like  certain 
carbides,  borides,  and  nitrides.  Laser-beam 
machining  is  used  to  drill,  cut,  thread,  or  groove  a 


wide  range  of  materials,  but  it  is  an  inefficient 
technique  because  of  the  large  amount  of  energy 
required.  Electron-beam  machining  is  suitable  for 
drilling  small,  deep  holes  in  very  hard  materials, 
but  it  is  not  of  commercial  interest  because 
removal  rates  are  very  slow.         * 

D.  P.  Stinton,  Assessment  of  the  State  of  tfie  Art  in 
Mactiining  and  Surface  Preparation  of  Ceramics. 
ORNL/TM-10791,  Oak  Ridge  National  Laboratory 
(November  1988). 

Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 
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Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

National  Institute  of  Standards  &  Technology 

Formerly  the  National  Bureau  of  Standards  (NBS) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

EMPF  Examines  Evaporation  Rates  and  Steam  Aging 


More  consistent  oxidation  or  corro- 
sion of  component  leads  can  be  achieved 
by  better  control  of  temperature  and 
oxygen  in  steam  aging  environments. 

This  conclusion  was  reached  after  an 
experiment  to  determine  the  effect  of 
water  evaporation  rates  on  the  soldera- 
bility  of  components  with  electroplated 
leads.  The  experiment  was  related  to  a 
Texas  Instruments'  (Ti)  study  that  con- 
cluded that  the  maximum  amount  of 
oxidation  will  occur  in  a  steam  ager  with 
a  temperature  of  approximately  95°C. 

The  EMPF  experiment  was  performed 
with  a  Mountaingate  SAT-100-3  steam 
ager  that  operates  at  1 00°C,  the  boiling 
point  of  water.  Power  levels  of  20  and  80 
percent,  which  resulted  in  evaporation 
rates  of  1,000  and  775  milliliters  per 
hour,  respectively,  were  used.  Soldera- 
bility  was  determined  by  the  time  for 
components  to  wet  with  molten  solder. 
Both  the  mean  time  for  wetting  and  the 
variance  of  the  means  were  used  to 
compare  the  effect  of  the  evaporation 
rates.  The  mean  time  indicated  the 
extent  of  oxidation,  while  the  variance 
indicated  the  consistency  of  the  oxida- 
tion process.  It  was  learned  that  oxida- 
tion was  significantly  greater  at  80  per- 


cent power  than  at  20  percent. 

The  experiment  was  based  on  the 
premise  that  the  major  variables  affect- 
ing oxidation  during  steam  aging  are 
temperature  and  oxygen.  The  tempera- 
ture, because  of  the  relatively  constant 
pressure  in  the  steam  aging  environ- 
ment, also  remains  relatively  constant. 
Therefore,  it  was  concluded  that  an  in- 
crease in  the  evaporation  rate  acceler- 
ated component  oxidation  by  introduc- 
ing more  oxygen  into  the  environment. 

Two  possible  solutions  to  control  oxi- 
dation caused  by  evaporation  were  rec- 
ommended: keepthe  temperature  some- 
what lower  than  100°C  as  the  TI  study 
suggests  (TI  recommends  a  tempera- 
ture between  85  and  90°G)  or,  if  aging  is 
performed  at  1 00°C,  control  the  amount 
of  oxygen  in  the  steam  ager. 


FOR  ADDITIONAL  INFORMATION: 

To  discuss  this  effort  further,  contact: 

Mr.  Mike  Frederickson 

AMRF  Project 

National  Institute  of  Standards  &  Technology 

Gaithersburg,  MD  20899 

Telephone:  (619)446-7706 
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Centrifugal  Barrel  Finishing  of  Turbine-Blade  "Fir  Trees" 

Residual  compressive  stresses  and  smooth  surfaces  are  obtained  simultaneously. 


A  modified  centrifugal  barrel-finishing  ma- 
chine (see  figure)  imparts  desired  residual 
compressive  stresses  to  the  "fir  trees"  of 
turbine  blades — the  wavy,  keywaylike  sur- 
faces by  which  the  roots  of  the  blades  are 
gripped  by  turbine  disks.  The  use  of  the 
modified  barrel  finisher  eliminates  the 
need  for  shot  peening  (the  conventional 
way  to  impart  compressive  stresses).  It 
therefore  eliminates  the  rounding  of  edges 
and  burrs  caused  by  shot  peening  and, 
consequently  the  need  for  mass  finishing 
operations  to  remove  the  burrs.  In  addition, 
the  modified  barrel  finisher  improves  the 
surface  finish  of  the  "fir  trees." 

The  turbine  blades  are  suspended  in  a 
ceramic-based  abrasive  slurry  that  is  con- 
tained along  the  periphery  of  the  barrel 
finisher  The  barrel  finisher  is  rotated  very 
rapidly  to  generate  extremely  high  centri- 
fugal loads,  which  are  distributed  evenly 
over  the  surfaces  of  the  blades  by  the 
slurry.  These  loads  generate  the  residual 
compressive  stresses. 

Those  portions  of  the  surfaces  of  the 
blades  that  are  not  to  undergo  compres- 
sive loading  are  masked  with  urethane  or 
epoxy  before  insertion  in  the  barrel  finisher 
The  barrel-finishing  process  removes  only 
about  10  -5  in.  (0.25  ^m)  of  material  from 
the  surfaces  of  the  blades,  yielding  highly 
polished  surfaces. 

This  work  was  done  by  Johnny  L. 
Mandel  of  Rockwell  International  Corp.  ofr 


Particles  of 
Abrasive  Slurry 


Turret 


A2 


PRINCIPLE  OF  CENTRIFUQAL 
BARREL  PROCESS 


ACTION  WITHIN  A  CENTRIFUQAL 
BARREL  MACHINE 


Notes:  1."A"  means  "acceleration." 
2."R"  means  "radius." 
3."V"  means  "velocity." 

In  the  Centrifugal  Barrel  Finisher,  centrifugal  forces  generate  compressive  stresses,  which 
are  transmitted  to  the  turbine  blades  through  the  abrasive  slurries  in  which  they  are  sus- 
pended. 


Marshall  Space  Flight  Center. 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
29553/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D.  Woftord.  Jr. 
r^^ail  Code  CCOl 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUN/IBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Etching  Electrode  Prevents  Arcs 

A  wooden  part  replaces  a  stainless-steel  part  and  works  better. 


A  disposable  electrode  for  etctning  Inco* 
625  (or  equivalent)  alloy  works  better  than 
does  the  previous,  more  expensive  ver- 
sion. The  size  and  shape  of  the  electrode 
make  it  easier  than  before  to  etch  in  nar- 
row grooves  and  other  confined  spaces 
(see  Figure  1 ).  The  electrode  is  designed  to 
prevent  arcing,  which  damages  the  metal 
workpiece. 

The  old  version  of  the  electrode  includes 
a  stainless-steel  rod,  the  end  of  which  is 
wrapped  in  cotton  and  fiberglass.  The  cot- 
ton and  fiberglass  are  imbued  with  the 
etching  solution.  The  positive  side  of  a  dc 
power  supply  is  connected  to  the  work- 
piece,  and  the  negative  side  to  the  elec- 
trode. The  electrical  circuit  is  completed, 
and  etching  occurs  at  the  contact  between 
the  workpiece  and  the  electrode.  If  particu- 
lar care  is  not  taken,  the  cotton  and  fiber- 
glass rapidly  break  down,  causing  the  rod 
to  break  through  and  arc  to  the  workpiece, 
causing  damage. 

In  the  new  version,  the  stainless-steel 
rod  is  replaced  with  a  piece  of  wood  —  for 
example,  a  tongue  depressor  (see  Figure 
2).  The  wood  is  wrapped  with  a  piece  of 
copper  wire,  which  provides  the  necessary 
electrical  conduction.  The  wire  is  covered 
with  cotton,  then  fiberglass.  (The  fiberglass 
and  cotton  must  make  contact  with  the 
wire  to  complete  the  circuit.)  Plater's  tape 
is  wrapped  around  most  of  the  electrode 
assembly  excepting  only  the  portion  that  is 
to  do  the  etching.  As  in  the  old  version,  the 
electrode  is  imbued  with  etching  solution 
and  connected  to  the  dc  power  supply.  The 
new  version  etches  without  drawing  arcs 
between  the  wire  and  the  workpiece. 


Typical 
Workpiece 


0.613  In. 


Figure  1.  Etching  Can  Be  Performed  in 
Grooves  by  use  of  etching  electrodes  of  the 
types  described  here.  Each  electrode  car- 
ries a  small  supply  of  the  etching  solution. 

*"lnco"  is  a  registered  trademark  of  the 
Inco  family  of  companies. 

This  work  was  done  ty/  Michael  J.  Trost 
and  Carl  V  Yanagihara  of  Rockwell  Inter- 
national Corp.  for  Marshall  Space  Flight 
Center 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel.  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-29508frN. 
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Figure  2.  The  Old  and  New  Versions  of  the 
Etching  Electrode  have  similar  functional 
parts.  However,  the  new  version  costs  less 
and  is  less  likely  to  damage  the  workpiece 
by  arcing. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CCOl 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport.  MD  21240:  (301)  621-0100  Ext  241 
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Spot-Welding  Gun  With  Adjustable  Pneumatic  Spring 

Controlled  force  would  be  applied  at  any  position  within  the  stroke. 


A  proposed  spot-welding  gun  would  be 
equipped  with  a  pneumatic  spring  instead 
of  a  conventional  elastic  spring.  The  pneu- 
nnatic  spring,  wtiich  could  be  a  bellows  or  a 
piston  and  cylinder,  would  exert  a  force  in- 
dependent of  position  along  its  stroke. 
Thus,  the  gun  could  apply  an  accurately 
controlled  force  to  the  joint  to  be  welded, 
without  precise  positioning  at  a  critical 
position  within  the  stroke. 

A  conventional  spot-welding  gun  in- 
cludes a  spring-loaded  welding  tip  and  a 
switch  set  at  a  tripping  point  within  the 
stroke  of  the  tip  and  spring,  corresponding 
to  a  preset  welding  contact  force.  When 
the  tip  is  pressed  against  the  workpiece 


with  the  preset  force,  the  switch  initiates 
the  pulse  of  welding  current.  However, 
once  the  welding  current  is  initiated,  the 
force  can  deviate  from  the  preset  value 
because  it  depends  on  how  far  the  spring  is 
subsequently  compressed  beyond  the  trip- 
ping point. 

In  the  proposed  spot-welding  gun,  the 
static  contact  force  would  depend  only  on 
the  atmospheric  pressure  and  the  pres- 
sure inside  the  pneumatic  spring.  The  trip- 
ping force  could  be  adjusted  easily  and  ac- 
curately by  adjusting  a  pressure  sensor 
and/or  a  pressure  regulator  that  would 
feed  the  pneumatic  spring.  As  an  addi- 
tional benefit,  during  the  typical  short  dura- 


tion of  the  welding  pulse,  the  pressure  in 
the  pneumatic  spring  could  momentarily 
be  increased  substantially  to  apply  a 
welding  contact  force  greater  than  the 
technician  could  exert  by  pushing  against 
the  weld.  This  mode  of  operation  would  rely 
on  the  mass  of  the  gun  and  the  technician 
to  minimize  recoil,  in  a  manner  similar  to 
that  of  a  firearm. 

777/s  work  was  done  by  Richard  K.  Burley 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center. 
MFS-29569/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Squeezing  Salvages  Oversize  Seals 

Thermal  and  mechanical  properties  of  the  seal  material  are  used  to  advantage. 


A  simple  sizing  tool  compresses  a  poly- 
ctnlorotrifluoroethylene  seal  to  a  smaller 
diameter.  In  the  particular  manufacturing 
situation  for  which  the  tool  was  made, 
seals  that  had  been  machined  to  excessive 
inside  diameters  had  to  be  scrapped.  By 
use  of  the  new  tool,  a  seal  that  might  have 
been  scrapped  can  be  squeezed  to  slightly 
smaller  inside  and  outside  diameters,  then 
remachined  to  the  correct  inside  diameter. 
(In  this  application,  the  outside  diameter  is 
less  critical  and  need  not  be  remachined.) 

The  tool  includes  three  aluminum  rings, 
the  inner  surfaces  of  which  have  diame- 
ters slightly  larger  than  those  of  the  three 
outer  diameters  of  the  seal.  The  rings  and 
seal  are  drawn  down  a  conical  hole  in  a  fix- 
ture until  the  taper  squeezes  the  rings  tight- 
ly onto  the  seal  (see  figure). 

The  tool  works  by  taking  advantage  of 
the  cold  flow,  thermal  expansion,  and 
creep  of  the  seal  material.  The  assembly  of 
ring,  seals,  and  fixture  is  heated  to  a  tem- 
perature of  225  to  250  °F  (107  to  121  °C)  for 
2  to  12  hours,  the  exact  time  to  be  deter- 
mined by  experiment.  If  unrestrained,  the 
seal  material  would  expand  by  0.006  (frac- 
tional change  in  linear  dimensions),  while 
the  aluminum  rings  would  expand  by  0.0012. 


Aluminum 
Polychlorotrifluoroelhylene  ^^'"9 

Seal 


A  Polymer  Seal  Is  Held  by  aluminum  rings,  then  compressed  by  differential  thermal  expan- 
sion between  the  seal  and  the  rings.  The  inner  diameter  of  the  seal  is  thus  reduced  by  a  small 
amount  that  is  sufficient  to  enable  remachining  to  the  specified  size. 


Because  the  greater  expansion  of  the 
seal  is  restrained  by  the  lesser  expansion 
of  the  rings,  the  seal  is  placed  under  a  com- 
pressive stress  initially  upon  heating.  While 
the  assembly  is  maintained  at  the  high 
temperature,  the  stress  is  relieved.  The 
seal  material  can  creep  from  0  to  14  per- 
cent, depending  on  the  time  at  the  high 
temperature.  After  the  assembly  is  cooled 


to  room  temperature,  the  pilot  holes  and  in- 
side diameters  of  the  seal  are  machined  as 
specified. 

777/s  work  was  done  by  Gerald  M.  Stewart 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center. 
MFS-29527frN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Weld-Bead  Shaver 

A  tool  produces  a  smooth  joint  without  overcutting. 


A  hand-lneld  power  tool  shaves  excess 
metal  from  the  inside  circumference  of  a 
welded  duct.  The  tool  removes  excess 
metal  deposited  by  the  penetration  of  a 
tungsten/inert-gas  weld  or  by  spatter  from 
an  electron-beam  weld.  It  produces  a 
snnooth  transition  across  the  joint. 

Compressed  air  drives  an  air  motor  in 
the  tool,  which  in  turn  drives  a  carbide  cut- 
ter at  2,700  revolutions  per  minute.  The  cut- 
ter shaves  the  inner  weld  bead  as  it  is 
moved  around  the  joint  (see  figure).  The  op- 
erator adjusts  the  depth  of  cut  to  rennove 
the  bead  flush  with  the  parent  metal. 

The  tool  replaces  a  rotary  ball  and  side 
cutter  The  new  tool  is  easier  to  use  and  is 
not  prone  to  overshaving,  which  thins  and 
weakens  the  wall  of  the  duct.  The  new  tool 
also  cuts  faster  removing  35  in.  (89  cm)  of 
weld  bead  per  hour  In  contrast,  the  rotary 
ball  and  side  cutter  remove  only  7  to  8  in. 
(18  to  20  cm)  of  weld  bead  per  hour 

This  work  was  done  by  Kamal  Guirguis 
and  Daniel  S.  Price  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center.  No  further  documentation  is  avail- 
able. 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-29593frN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Increments 


i 


The  Carbide  Cutter  shaves  material  from  the  weld  bead  as  the  user  moves  it. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757. 
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Bar-Code  System  Tracks  Test  Equipment 

Administration  of  a  complicated  system  is  speeded  and  simplified. 


A  computer  system  uses  bar  codes  to 
keep  tracl<  of  more  ttian  2,200  items  of  test 
equipment.  The  system,  called  BETUS  for 
Barcode  Equipment  Tracking  and  Utiliza- 
tion System,  maintains  a  data  base  on 
wtiat  items  tiave  been  borrowed,  wtio  is 
using  ttiem  and  wtiere,  and  wfien  ttiey 
have  been  calibrated.  BETUS  also  keeps 
records  on  tools  and  small  electronic  com- 
ponents. 

Each  item  holds  an  aluminum  tag  con- 
taining a  unique  six-character  bar  code. 
Each  coded  tag  represents  a  record  in  the 
BETUS  data  base: 

•  part  number, 

•  serial  number, 

•  manufacturer, 
•description, 

•  date  due  for  calibration, 

•  calibration-cycle  time, 

•  malfunctions, 

•  number  of  times  and  total  number  of  days 
the  item  has  tDeen  checked  out  tjy  techni- 
cians, 

•  numtDer  of  times  and  total  number  of  days 
the  item  has  been  in  the  calibration  labora- 
tory, and 

•  the  supply  area  wherein  the  item  resides 
or  the  name  of  the  person  who  has 
checked  it  out. 

Technicians  and  engineers  who  draw 
equipment  from  supply  areas  have  their 
own  bar-coded  user  cards,  small  enough 
to  fit  in  wallets  or  on  identification  cards. 
Each  card  bears  a  three-digit  number  that 
is  cross-referenced  in  the  data  base  to  the 
user's  name,  mail  stop,  and  telephone 
number. 


Administration 
(Reports,  Data- 
Base Maintenance) 


The  Host  Micro- 
computer serves 
terminal  areas  5 
and  6mi  (8  and 
10km)  distant.  It 
also  serves  a  ter- 
minal that  gener- 
ates reports  and 
maintains  the  data 
base,  one  that 
determines  the 
statuses  of  small 
parts,  and  one  used 
to  develop  software. 


BETUS  currently  includes  five  terminals 
(see  figure).  Asynchronous  modems,  oper- 
ating at  9,600  baud,  connect  the  terminals 
to  a  host  microcomputer.  The  host  soft- 
ware is  a  multiuser,  menu-driven  data- 
base-management package. 

When  a  user  checks  out  an  item  at  a 
supply  area,  the  supply  clerk  selects  the 
check-in/checkout  menu  from  the  main 
menu  and  passes  a  bar-code  wand  over 
the  equipment  tag,  the  user's  card,  and  the 
bar  code  on  the  checkout  menu  for  the 
location  to  which  the  item  will  be  taken.  The 
information  is  fed  to  the  data  base,  with  the 
time  of  the  transaction,  as  it  is  entered. 
When  the  item  is  subsequently  checked 
back  in,  BETUS  calculates  the  time  during 
which  it  was  in  use. 

BETUS  prints  daily  activity  reports  that 
show  the  number  of  times  equipment  has 


Tracking  of 
Small  Parts 


I  Terminal        |     |  Terminal       | 


^         Printer        ^ 


been  checked  out  to  technicians  or  for 
calibration.  BETUS  prints  monthly  utiliza- 
tion reports  based  on  surveys  of  selected 
locations  conducted  with  a  portable  bar- 
code reader.  These  reports  give  informa- 
tion on  the  items  in  use  and  help  to  find  lost 
equipment. 

The  users  of  BETUS  have  found  that 
they  save  on  equipment  purchases  be- 
cause they  can  allocate  resources  more 
efficiently  and  can  recover  missing  equip- 
ment more  quickly  They  also  have  found 
that  they  have  cut  check-in  and  checkout 
time  by  90  percent. 

This  work  was  done  by  Jacob  R.  Rogers. 
Lesa  M.  Benton,  and  Roberta  A.  Perry  of 
Kennedy  Space  Center. 
KSC-n370/TN 
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Calibration  for  On-Machine  Inspections 

Measurements  of  machined  parts  are  made  faster,  more  convenient,  and  more  reliable. 


A  permanent  calibration  setup  on  a  nu- 
merically-controlled machine  tool  enables 
the  fast  and  reliable  calibration  of  auto- 
mated probes  for  the  inspection  of  work- 
pieces  while  they  are  still  mounted  on  the 
machine.  The  setup  includes  one  or  more 
artifacts,  the  dimensions  and  locations  of 
which  are  known  precisely  and  are  stored 
in  the  memory  of  the  computer  that  con- 
trols the  machine.  Before  the  probes  are 
used  to  inspect  a  newly  machined  part, 
they  are  used  to  check  the  artifacts.  The 
probe  measurements  are  compared  with 
the  values  in  memory  to  determine  wheth- 
er the  probe  readings  need  adjustment. 

The  artifacts  include  precise  bushings, 
slotted  blocks,  and  balls.  The  measure- 
ment surfaces  on  both  the  bushings  and 
the  blocks  are  internal.  They  are  therefore 
protected  from  damage.  For  example, 
three  bushings  are  mounted  on  the  work- 
table  or  fixture  of  a  five-axis  machining 
center.  The  bushings  serve  as  calibration 
points  for  the  workzone  and  provide  a 
check  on  the  rotary  axis.  On  a  three-axis 
machining  center,  two  bushings  are  insert- 
ed in  the  table  at  opposite  corners  of  the 
workzone  to  provide  datum  surfaces  and 
provide  a  check  on  dimensional  accuracy 
across  the  workzone  along  mutually-per- 
pendicular horizontal  axes.  The  multiple  ar- 
tifacts yield  much  more  information  than  a 
single  artifact  would. 

Two  slotted  blocks  are  mounted  on  a  ver- 
tical turret  lathe  on  opposite  sides  of  the 
table  (see  figure).  Each  block  contains  a 


slot  0.5  in.  (12.7  mm)  wide  and  0.25  in.  (6.35 
mm)  deep.  The  blocks  furnish  two  verlical- 
axis  points  and  three  horizontal-axis  points 
on  each  side  of  the  table,  48  in.  (121.92  cm) 
apart. 

This  work  was  done  by  Carlton  L. 


Haymaker,  Jr..  of  Rockwell  International 
Corp.  for  Marshall  Space  Flight  Center. 

/WFS-29523/TA/ 


A  Measuring  Probe  Approaches  a  slotted  calibration  block  on  a  vertical  turret  lathe.  If  the 
probe  measurements  are  within  preset  limits,  the  probe  is  allowed  to  measure  the  dimen- 
sions of  a  workpiece  on  the  lathe.  After  the  measurements,  the  probe  is  used  once  more  on 
the  block.  If  the  posttest  measurements  are  acceptable,  the  measurements  of  the  workpiece 
are  considered  valid. 
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Technology  Assessment 

U.S.  Air  Force 


Premium  Quality  Titanium  Alloy  Disk 


Current  methods  used  to  produce  titanium 
sponge,  electrodes,  and  ingots  for  the  manufacture 
of  forged  titanium  compressor  disks  can  result  in 
the  formation  of  material  defects  that  cause 
premature  failure.  Disk  failure,  resulting  in  engine 
failure,  is  attributable  to  these  defects.  The  engine 
manufacturers  are  working  with  their  vendors  to 
reduce  the  presence  of  these  flaws  by  improving 
processing  procedures  and  tightening  inspection 
Umits.  This  joint  effort  has  reduced  the  occurrence 
of  defects  at  an  increased  inspection  cost  and  higher 
scrap  rate  but  has  not  eliminated  the  defaults. 
EHmination  of  defaults  will  require  improved 
melting  techniques. 

The  main  objective  of  this  project  is  to  establish 
new  processes  and  procedures  for  preparing 
premium  quahty  titanium  alloys  and  gas  turbine 
engine  rotating  components,  which  are  significant- 
ly free  of  type  I  (hard  alpha)  defects  while  retain- 
ing freedom  from  type  II  defects  and  high  density 
inclusions  (HDIS).  The  specific  purpose  of  the  ef- 
fort is  to  provide  improvements  in  cleanliness, 
which  minimizes  the  potential  for  random  disk 
failures,  and  to  reduce  component  life  cycle  costs 
in  military  engines.  In  addition,  a  portion  of  the 
effort  is  devoted  to  applying  and  tailoring  ap- 
propriate nondestructive  testing  equipment  and 
techniques  to  reproducibly  detect  type  I  defects. 
The  end  item  will  be  a  verified  process  for  produc- 


ing and  procuring  premium  quality  titanium  alloys 
used  in  Air  Force  gas  turbine  engines. 

The  project  is  being  conducted  in  two  phases. 
Phase  I  consists  of  a  pilot  plant  that  estabUshes 
new  and  novel  procedures  and  melting  processes 
that  eliminate  type  I  hard  alpha  and  removes  high 
density  inclusions  and  type  II  defects  during  the 
manufacturing  of  rotor  quahty  titanium  alloys. 
Phase  I  also  estabUshes  procedures  to  verify  that 
the  defects  have  been  removed.  Phase  II  is  the 
scale-up  of  the  selected  process  evaluated  in  phase 
I  to  the  commercial  practice  level  used  on  produc- 
tion equipment.  Inspection  techniques  selected 
from  phase  I  will  be  used  to  verify  the  absense  of 
defects,  and  appropriate  test  procedures  will  be 
used  to  vahdate  the  integrity  of  the  material. 
Following  process  vahdation,  appropriate  specifica- 
tions will  be  written  to  cover  this  premium 
material. 

The  primary  benefit  of  reducing  the  number  of 
defects  will  be  increased  titanium  disk  reUabihty. 
The  inspection  costs  also  will  be  reduced  because 
of  fewer  defects  and  less  reinspection  time.  Im- 
proved melting  techniques  will  reduce  the  ingot 
scrap  rate,  and  new  processes  will  reduce  the 
number  of  melting  steps,  thus  reducing  the  cost  of 
material. 

Contract:    F33615-88-C-5418,    Project    Engineer: 
Kenneth  Kojola,  WRDC/MTPM,  (513)  255-5151. 
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Study  of  Hydrogen-Assisted  Cracking  in  High-Strength- 
Steel  Welds 


Hydrogen-assisted  cracking  of  steel  is  a  complex  function  of 
the  amount  of  hydrogen  dissolved  in  the  steel,  the  applied  stress, 
the  temperature,  and  the  microstructure  (which  determines  the 
hardness)  of  the  steel.  High-strength  steels  are  particularly  sus- 
ceptible to  this  type  of  cracking.  Although  the  problem  of 
hydrogen-stress  cracking  has  been  studied  e.xtensively  and  a  number 
of  mechanisms  have  been  proposed,  no  one  theory  has  become 
generally  accepted.  Also,  the  results  of  theoretical  studies  of 
hydrogen-stress-cracking  mechanisms  proposed  by  physical  metal- 
lurgists have  been  applied  only  rarely  to  the  field  of  welding.  In 
nearly  all  such  studies,  the  specimen  was  charged  with  hydrogen  so 
as  to  be  able  to  examine  the  effects  of  hydrogen  on  fracture.  How- 
ever, one  investigation  showed  that  hydrogen  introduced  by  ca- 
thodic  charging  or  other  charging  methods  will  not  behave  the 
same  as  does  that  introduced  by  an  actual  welding  process. 

Gedeon  and  Eagar*.-'  of  the  U.S.  Army  Materials  Technology 
Laboratory  conducted  an  investigation  with  the  purpose  of 
quantifying  the  amount  of  hydrogen  in  welds  of  high-strength  armor 
steel  that  causes  crack  propagation  as  a  function  of  stress  intensity 
for  a  particular  temperature.  This  relationship  was  then  compared 
with  values  predicted  by  existing  cracking-mechanism  theories. 

The  material  studied  in  this  investigation  was  a  high-strength 
alloy  steel  conforming  to  M1L-A-46100C,  the  military  specification 
covering  high-hardness  wrought-steel  armor  plate.  The  hardness 
was  53  Rockwell  C.  The  implant  test  was  used  for  assessing  crack- 
ing in  the  GMAW  weldments.  By  varying  the  amount  of  hydrogen 
in  the  G.MAW  shielding  gas,  the  time  to  loading,  and  the  preheat 
temperature,  the  amount  of  hydrogen  remaining  in  the  weldment 
at  the  time  of  cracking  was  varied.  Diffusible  weld  hydrogen  con- 
tents were  measured  after  the  selected  holding  times.  The  diffusible- 
hydrogen  contents  determined  for  the  welds  were  analyzed  with  the 
aid  of  a  hydrogen-distribution  model  developed  by  Coe  and  Chano 
to  determine  the  amount  of  hydrogen  present  at  the  crack  location 


at  the  tune  of  fracture.  The  surfaces  of  the  fractured  implani 
specimens  were  examined  with  the  scanning  electron  microscope, 
and  fracture  mechanics  was  used  to  determine  the  stress  intensity 
associated  with  fracture. 

The  stress  intensity  and  hydrogen  content  responsible  for  the 
microvoid-coalescence  fracture  mode  were  quantified  tor  this  high- 
strength  armor  steel.  The  resulting  relationship  agrees  with  the 
results  of  Beachem  who  proposed  a  theory  of  hydrogen-assisted 
cracking  that  is  based  on  a  microplasticity  mechanism  rather  than 
embrittlement.  Beachem  suggested  that  the  hydrogen  in  the  metal 
lattice  ahead  of  the  crack  tip  assists  whatever  microscopic  deforma- 
tion processes  the  microstructure  will  allow.  Thus,  intergranular, 
quasi-cleavage,  or  microvoid-coalescence  fracture  modes  will  operate 
depending  on  the  microstructure,  the  crack-tip  stress  intensity,  and 
the  concentration  of  hydrogen.  Gedeon  and  Eagar's  results  extend 
Beachem's  theory  to  a  wider  range  of  hydrogen  contents,  and  show 
that  large  amounts  of  hydrogen  increase  the  propensity  for  inter- 
granular fracture  rather  than  microvoid  coalescence. 

The  authors  indicate  that  this  method  of  analyzing  hydrogen- 
assisted  fracture  shows  some  promise  for  choosing  acceptable  fiaw 
sizes  based  on  the  anticipated  amount  of  hydrogen.  The  flaw  size 
must  be  chosen  such  that  the  resulting  stress  intensity  ^\  ill  not 
cause  hydrogen  cracking  at  the  anticipated  hydrogen  level. 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the 
report  is  available  from  NTIS,  Springfield  VA  22161; 
(703)487-4600. 

NTIS  order  number:  ADA-205431NAC 

Price  code:  A03 
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Improved  Anodic  Coatings  Developed 


_L_ 


BEPRiGEHATlON 
3TSTEt* 


''-N 


2^1! L.; 


POWER       SUPPLY 


.0 

6 


■■r/!"j.'r/^"/'/^.- 


Figure  2.  Schematic  of  an  apparatus  for  performing  the 
annodization  of  aluminum  parts 


A  scientist  at  the  Naval  Ocean 
Systems  Center  (NOSC),  San  Diego, 
California,  has  developed  an 
improved  process  for  anodizing 
aluminum  parts.  The  new  process 
provides  enhanced  thermal 
conductivity,  comparable  or 
increased  abrasion  resistance,  and 
greater  corrosion  resistance  than 
typical  commercial  hard  coatings. 
Additionally,  it  has  the  benefit  of 
reducing  the  cost  of  waste  treatment 
for  spent  electrolytes. 

The  procedure  calls  for 
immersing  the  aluminum  part  and  a 
lead  mass  in  an  aqueous  solution 
chilled  at  0  to  5  degrees  C,  and 
consisting  of  a  1.0-percent  con- 
centration of  oxalic  acid.  The 
solution  is  agitated  by  a  magnetic 
stirrer  and  kept  at  the  proper 
temperature  by  a  refrigeration 
system  to  assure  efficient  and 
uniform  cooling  of  the  aluminum 
part  (see  Figure  2).  An  anodization 
voltage  increasing  from  appro.x- 
imately  100  to  300  volts  over  a  period 
of  about   90    minutes    creates    a 


relatively  constant  current  density  of 
2  to  3  amps  per  decimeter.  This 
process  provides  a  coating  between 
30  to  40  micrometers  thick,  with  a 
thermal  conductivity  of  1.3 
Watts/meter/C.  This  increases 
thermal  conductivity  by  a  factor  of 
two  over  existing  commercial 
coating  processes. 

The  new  process  has  potential  in 
the  manufacture  of  high  efficiency 
heat  exchangers,  electronic  circuit 
boards,  machinery,  weapons  systems, 
or  any  other  anodized  aluminum 
parts  requiring  wear  resistance 
and/or  electrical  insulation,  in 
conjunction  with  improved  thermal 
conductivity. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E2 11 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150105^N 
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Bonding  Treated  Wood 

Today's  wood  products  market  lacks  adhesively  bonded 
lumber  and  composite  products  treated  with  preserva- 
tives. The  problem  arises  because  present  commer- 
cial adhesives  will  not  adhere  to  surfaces  treated  with 
waterborne-salt  preservatives,  such  as  chromated-copper- 
arsenate  (CCA).  Researchers  at  the  Forest  Products  Lab- 
oratory (FPL)  are  seeking  the  causes  of  this  incompati- 
bility and  ways  to  overcome  it. 

The  problem  is  economically  significant.  Treated  wood 
production  fueled  this  decade's  fastest  growing  segment 
of  the  southern  pine  lumber  industry.  The  market  in 
CCA-treated  southern  pine  now  accounts  for  almost  one- 
half  of  the  total  southern  pine  lumber  production.  Wood 
treated  with  CCA  preservatives  constitutes  about  80  per- 
cent of  the  treated-wood  market  in  the  United  States. 

The  difTiculties  in  bonding  wood  that  has  already  been 
treated,  and  the  degradation  that  occurs  when  a  prod- 
uct is  treated  after  bonding,  hinder  development  of 
preservative-treated  bonded  lumber  and  composite  prod- 
ucts. The  potential  uses  for  new  products  from  adhe- 
sively bonded  lumber,  veneer,  flakes,  and  fibers  that  have 
been  protected  from  biological  deterioration  are  many 
and  the  potential  demand  is  high. 


An  experimental  adhesive  developed  bonds  to  CCA- 
treated  wood  strong  enough  to  resist  delamination 
along  the  bondline  even  after  severe  water-soaking  and 
drying  cycles. 

FPL  researchers  are  investigating  along  three  approaches 
to  overcoming  adhesive-preservative  incompatibility.  They 
are  identifying  physical  and  chemical  causes  of  interfer- 
ence, identifying  new  and  lesser-used  preservatives  that 
may  be  compatible  with  commercial  adhesives,  and  im- 
proving adhesion  to  treated  wood.  Improved  adhesion 
may  be  achieved  by  developing  new  adhesive  formula- 
tions, investigating  existing  but  untried  adhesives,  and 
exploring  surface  activators  and  adhesion  promoters. 

For  additional  information,  contact: 

Charles  B.  Vick 

Research  Forest  Products  Technologist 

USDA  Forest  Service 

Forest  Products  Laboratory 

One  Gifford  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)  231-9295 


i 


Poor  adhesion  to  CCA-treated  wood  is  partly  caused  by 
deposits  of  insoluble  salts  blocking  contact  between  an 
adhesive  and  the  wood's  cellulosic  cell  walls. 


United  States  Forest 

Department  of  Agriculture  Service 


State  and 
Private  Forestry 


For<>st  Products 
Labt)ratory 
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Modular  Veneer  Press  Dryer 


Modular  veneer  press  dryer. 

Almost  all  face  veneer  looks  good  when  cut,  but  much 
of  it  becomes  wavy,  wrinkled,  and  brittle  in  the  dryer. 
A  severe  kind  of  wrinkling  called  buckling  sometimes  oc- 
curs, caused  by  uneven  drying  and  shrinkage  of  the  ve- 
neer. The  problem  is  worse  with  veneer  containing  ten- 
sion wood  and  juvenile  wood,  which  is  more  prone  to 
longitudinal  shrinkage,  '^et,  these  problem  woods  are  ap- 
pearing more  frequently  in  logs  used  by  veneer  producers. 

f'ortunately,  the  problem  can  be  eliminated  by  holding 
the  veneer  flat  as  it  dries.  This  can  be  done  in  a  press, 
but  face  veneer  is  so  thin  (1/32  in.  or  less)  that  it  starts 
to  dry  before  the  press  closes.  In  addition,  applying  light 
and  uniform  pressure  is  difficult  with  press  plates  that 
may  not  be  perfectly  flat  themselves. 

A  solution  is  the  modular  veneer  press  (MVP)  dryer  de- 
veloped at  the  Forest  Products  Laboratory  (FPL).  The 
modular  veneer  press  dryer  combines  the  continuous  op- 
eration of  a  hot-air  dryer  with  the  restraint  of  a  platen 
press  dryer.  It  dries  veneer  by  direct  contact  with  ro- 
tating heated  drums  arranged  in  series.  Each  drum  has 
an  endless  flexible  belt  arranged  so  that  the  belt  wraps 
halfway  around  the  drum.  The  veneer  is  heated  on  oppo- 
site sides  by  successive  drums.  The  belt  holds  the  veneer 
tightly  against  each  drum  at  a  typical  pre.ssure  of  2  Ib/in^. 

Veneer  dried  by  the  MVP  dryer  was  significantly  flatter 
than  that  dried  by  a  commercial  jet  dryer.  The  MVP- 
dried  veneer  also  shrank  less  in  width,  but  more  in  thick- 
ness than  the  jet-dried  veneer.  Thickness  shrinkage  with 
the  MVP  was  less  than  with  a  platen  press  dryer  or  roller 
dryer. 


Researchers  at  FPL  arranged  a  drying  test  with  Freeman 
Corp.  in  Winchester,  Kentucky,  to  compare  the  perfor- 
mance of  the  MVP  dryer  with  their  jet  dryer.  Because  the 
value  of  buckled  veneer  is  15  to  20  percent  less  than  that 
of  flat  veneer,  buckling  costs  them  an  estimated  $45,000 
to  $60,000  per  month. 

Matching  test  pieces  were  dried  in  the  Freeman  Corp. 
dryer  and  in  the  MVP  dryer  at  FPL,  then  compared  for 
shrinkage  and  flatness.  The  most  significant  result  was 
the  improvement  in  flatness  for  the  MVP-dried  veneer. 

The  MVP  dryer  also  showed  promise  for  flattening  ve- 
neer that  had  buckled  in  the  jet  dryer.  The  veneer  was 
steamed  between  w^et  canvas  during  one  pass  through 
the  MVP  dryer  and  redried  during  a  second  pass.  No 
evidence  of  buckling  remained  after  redrying. 


Path  of  veneer  in  dryer. 

Currently,  the  FPL  is  seeking  an  industrial  partner  to 
develop  a  commercial-scale  version  of  the  MVP  dryer. 
Implementation  of  this  technology  could  improve  veneer 
quality  and  open  the  door  to  making  quality  veneers  from 
difficult  species. 

For  additional  information,  contact: 
Steve  Lochnertz,  Research  Engineer 
Forest  Products  Laboratory- 
One  GifTord  Pinchot  Drive 
Madison,  WI  53705-2398 
(608)  231-9349 
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Anodized  6061 -T6  Aluminum 


The  corrosion  protection  of  6061-T6  aluminum  by  anodizea  impregnated.     Different  corrosion  behavior  was  observed  for  anod- 
coatings  has  been  studied  at  the  George  C.  Marshall  Space  Flight  ized  coatings  impregnated  with  Teflon  from  two  different  sources. 
Center. (-5)    Teflon®-impregnated  and  hard-anodized  coated  (water 
and  dichromate  sealed)  specimens  were  e.xposed  28  days  in  3.5  per- 
cent  NaCl  solution  at   25   C  and  pH  5.5  and  pH  9.5.     Corrosion  r-/~vn    a  fm-.t'tt/^kt  a  t     TXTr-/~vr>  h*  a  tt/^m       a  r  .l 

.,...,      p,^     ,.    ,.  .  ,  ,    .^  FOR  ADDITIONAL  INFORMATION:    A  copy  of  the 

resistance   was  indicated   by    DC-polaiization   resistance   and   AC-  '^•' 

impedance  methods.     It  was  found  that  attack  was  more  severe  at  report  is  available  from  NTIS,  Springfield  VA  22161; 

pH  5.5  than  at  pH  9.5.  all  specimens  exhibited  pitting  except  hard-  (703)487-4600. 

anodized  at  pH  9.5,  and  the  order  of  corrosion  resistance  was  hard-  NTIS  order  number:   N89-26079NAC 

anodized,  chromate-sealed  >  hard-anodized,  water-sealed  >  Teflon-  Price  COde:    A03 
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High-Temperature  Polyimide  Resin 

This  material  combines  tliermo-oxidative  stability  with  autoclave  processability. 


A/n  improved  polyimide  resin  can  be  used 
at  continuous  temperatures  up  to  700  °F 
(371  °C)  — 100  °F  (56  °C)  higher  than  previ- 
ously possible  with  autoclavable  resins. 
The  material,  PMR-ll-50,  serves  as  a  matrix 
for  fiber-reinforced  composites. 

With  its  high  temperature  rating,  the  ma- 
terial can  be  used  in  such  turbine  engine 
components  as  air-bypass  ducts,  vanes, 
bearings,  and  nozzle  flaps.  Other  potential 
applications  include  v\/ing  and  fuselage 


skins  on  high-mach-number  aircraft  and 
automotive  engine  blocks  and  pistons. 

PMR-ll-50  is  based  on  PMR-II  resin, 
Vi/hich  v^/as  introduced  in  1976.  In  the  older 
material,  thermo-oxidative  stability  was 
sacrificed  for  processability  so  that  parts 
could  be  formed  from  the  material  in  an 
autoclave.  In  the  new  material,  a  high-mo- 
lecular-weight prepolymer  is  used  to  en- 
sure thermo-oxidative  stability  in  the 
finished  product.  Moreover,  the  prepoly- 


mer cures  by  an  addition  reaction  and  thus 
readily  yields  void-free  parts  after  process- 
ing in  an  autoclave. 

The  new  resin  is  available  from  two  com- 
mercial suppliers.  At  $400  per  pound  (1988 
prices),  it  costs  about  three  times  as  much 
as  do  PMR-15  resins. 

This  work  was  done  by  Raymond  D. 
Vanucci  and  Diane  C.  Malaril<  of  Lewis 
Research  Center.  LEW-14923/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Teclinology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240.  (301)  621-0100  Ext.  241 
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LARC-l-TPt:  a  New  Thermoplastic  Polyimide 

Improved  properties  enhance  usability  as  an  adhesive  or  in  composite  matrices. 


"I^RC-l-TPI"  denotes  an  improved  ver- 
sion of  the  U\RC-TPI  class  of  thermoplastic 
polyimides,  which  are  high-performance 
polymers  developed  for  the  manufacture 
of  strong,  lightweight  aircraft  structures. 
The  melt-flow  and  adhesive  properties  of 
the  new  polymers  make  them  attractive  for 
use  as  matrix  resins  for  composites,  mold- 
ing powders,  adhesives,  and  coating  films. 
The  new  polymers  are  also  less  toxic:  un- 
like the  polymers  of  the  original  version,  the 
improved  LARC-I-TPI  polymers  are  formu- 
lated without  3,3'-diaminobenzophenone, 
which  is  mutagenic  and  commercially  un- 
available. 

The  original  LARC-TPI  polymers  have  un- 
dersirably  broad  distributions  of  molecular 
weights  and  contain  amine  and  anhydride 
functional  end  groups;  these  features  re- 
sult in  poor  molding  properties  and  low 
melt  stability.  The  U\RC-I-TPI  polymers  (see 
figure)  are  high-molecular-weight  4,4'-iso- 
pthaloyldiphthalicanhydride-metaphenyl- 
enediamine  polymides,  the  molecular 
weights  of  which  are  controlled  through 
selective  end-capping  to  improve  their  ad- 
hesive and  melt-flow  properties.  An  LARC- 
I-TPI  polymer  is  readily  synthesized  from 
the  isopthaloyldiphthalic  anhydride  mono- 
mer (which  is,  itself,  readily  synthesized 
and  inexpensive)  and  metaphenylene- 
diamine  (which  is  commercially  available, 
nonmutagenic,  and  only  slightly  toxic). 

The  LARC-I-TPI  polyimides  have  glass- 
transition  temperatures,  film-forming  abili- 
ties, solubilities,  and  isothermal  thermo- 
gravimetric  weight  losses  similar  to  those 
of  the  original  LARC-TPI.  However  by  pre- 
paring LARC-I-TPI  polyimides  with  suitable 
end-capped  and  non-end-capped  compo- 
nents, one  can  obtain  composite-matrix 
resins,  neat-resin  moldings,  and  coating 
films  that  have  properties  identical  or 
superior  to  those  of  the  original  LARC-TPI 


^ 

n    0              ■?                ° 

-      0                                              0         ^^^               ^^Jn 

OLD:LARCTPI 

-      0                                                                      0         ^^^^Jn 

NEW:  LARCI-TPI 

The  LARC-I-TPI  Polyimides  are  isomers  of  the  original  LARC-TPI  polyimides.  The  newer 
LARC-I-TPI  polyimides  are  made  from  less-toxic  ingredients  and  have  better  and  more  con- 
trollable processing  properties. 


polyimides. 

In  experiments  LARC-I-TPI  polyimides  of 
both  end-capped  and  non-end-capped  ver- 
sions were  dissolved  in  dimethyl  aceta- 
mide,  and  the  resulting  solutions  used  to 
coat  graphite  fibers.  After  drying  at  a  tem- 
perature of  175  °C,  the  coated  fibers  were 
consolidated  into  fiber/matrix  composites 
at  350  °C  under  a  pressure  of  300  psi  (2 
MPa).  The  end-capped  version  exhibited 
superior  melt  flow.  In  other  experiments, 
films,  adhesives,  and  adhesive  tapes  were 
prepared. 

This  work  was  done  by  Terry  L.  St.  Clair 
and  Donald  J.  Progar  of  Langley 
Research  Center  and  J.  Richard  Pratt  of 
PRC,  Inc. 


This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-14101/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Heltrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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Reducing  Run-in  Wear  of  Ceramic-Based  Coatings 

A  silver  surface  layer  helps  a  rough  ceramic  slide  smoothly. 


A  thin  film  of  silver  applied  over  the  finish 
ground  surface  of  a  plasma-sprayed,  me- 
tal/ceramic solid  lubricant  coating  signifi- 
cantly reduces  the  wear  of  counterface 
materials  during  initial  breal<-in  or  run-in 
sliding. 

The  film  is  magnetron-sputtered  onto 
PS200,  a  self-lubricating  composite  coat- 
ing that  contains  a  mixture  of  chromium 
carbide,  silver,  and  barium  fluoride/calci- 
um fluoride  eutectic.  The  carbide  in  PS200 
provides  wear  resistance,  while  the  silver 
and  fluorides  provide  lubrication.  The  silver 
in  the  coating  is  a  good  low-temperature 
lubricant  because  of  its  low  shear  strength, 
and  the  fluoride  eutectic,  which  undergoes 
a  brittle  to  ductile  transition  at  tempera- 
tures above  500  °C,  provides  high-temper- 
ature lubrication.  Thus,  the  PS200  coating 
is  intrinsically  lubricious  from  room  tem- 
perature to  about  900  °C.  However,  the 
PS200  coating  exhibits  high  counterface 
wear  during  an  initial  run-in  period  of 
sliding.  By  applying  additional  silver  as  a 
sputtered  top  coat  over  the  PS200,  the  ini- 
tial counterface  wear  is  dramatically  re- 
duced. Also,  because  both  the  silver  top 
coat  and  PS200  are  thermally  and  chemi- 
cally stable  in  oxidizing  and  reducing  en- 
vironments to  900  °C,  the  combination  is 
appropriate  as  lubrication  for  cylinder- 
wall/piston-ring  contacts  in  Stirling  engines 
and  for  bacl<up  lubrication  for  gas  lubri- 
cated journal  bearings.  These  two  applica- 
tions have  been  successfully  tested  at 
Lewis  Research  Center. 

In  the  current  research  program,  silver 
films  of  various  thicknesses  were  sput- 
tered onto  PS200-coated  test  disl<s.  The 
disks  were  tested  in  a  pin-on-disk  tribo- 
meter.  Friction  and  wear  were  measured 
at  temperatures  of  760, 350,  and  25  °C  in  a 
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The  Pin-Wear  Volume  Is  reduced  by  more  than  half  when  the  disk  is  lubricated  with  a  layer  of 
silver  1,000  A  thick.  These  data  were  taken  at  a  sliding  speed  of  2.7  m/s  and  a  force  of  4.9  N  be- 
tween the  pin  and  the  disk. 


helium  atmosphere.  Films  between  1,000 
and  1 ,500  A  thick  were  found  to  provide  the 
best  lubrication  of  the  counterface  (pin) 
material  (see  figure).  In  this  application,  the 
additional  silver  film  acts  as  a  break-in  lubri- 
cant, reducing  the  initial  abrasivity  of  the 
finish  gound  coating  to  the  metallic  coun- 
terface (pin)  material. 

This  work  was  done  by  Christopher 
DellaCorte,  l-larold  E.  Sliney,  and  Daniel  L. 
Dead  more  of  Lewis  Research  Center. 


Further  information  may  t>e  found  in  NASA 
Tl\/I- 100783  [N 88-1 5885],  Price  Code: 
A03  "Sputtered  Silver  Films  To  Improve 
Chromium  Carbide  Based  Solid  Lubricant 
Coatings  for  Use  Up  to  900°C." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  LEW-14834/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext  241 

.  REFER  TO  THE  NUIV1BER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


900 


IWVSATech  Brief 


National  Aeronautics  and 
Space  Administration 


i 


stability  of  a  Carbon- 
Dioxide-Removing  Resin 

Trimethylamine,  which  is 
toxic,  is  emitted  in  small 
amounts  during  desorption. 

A  report  describes  experiments  to  de- 
termine the  long-term  chemical  stability  of 
IRA-45,  a  commercial  ion-exchange  resin 
that  is  a  candidate  for  use  in  removing  COj 
from  the  atmosphere  of  the  Space  Station. 
In  the  proposed  system,  the  cabin  air 
would  be  passed  through  the  resin,  and  the 
acidic  CO2  would  be  absorbed  by  weakly- 
basic  hydrated  diethylenetriamine  bonded 
to  the  porous  resin  substrate.  When  the 
resin  had  adsorbed  all  the  COg  that  it  could, 
it  would  be  disconnected  from  the  air- 
stream  and  heated  with  steam  to  desorb 
the  CO2.  The  resin  could  than  be  reused. 

The  experiments  were  conducted  in  an 
automated  laboratory  flow-test  facility 
designed  to  simulate  the  conditions  in  the 
cabin  of  the  Space  Station.  Packed  col- 
umns of  the  resin  were  tested  for  569  ab- 
sorption/desorption  cycles  to  determine 
the  decrease  in  capacity  for  the  absorption 
of  COj  and  the  amounts  and  kinds  of 


volatile  organic  compounds  released  from 
the  resin  during  heating  by  steam,  both  as 
functions  of  the  number  of  cycles.  The  ca- 
pacity for  CXDg  was  measured  in  real  time 
during  each  cycle.  Organic  volatiles  in  the 
GO2  desorbed  from  the  resin  were  trapped 
on  graphitic  cartxm  adsortjents.  The  trapped 
volatiles  were  analyzed  by  gas  chromatog- 
raphy and  mass  spectrometry. 

The  capacity  of  the  resin  for  absorption 
of  CO2  decreased  gradually  with  time,  but 
the  rate  of  decrease  also  decreased  signif- 
icantly After  a  43-percent  loss  of  capacity 
during  the  first  ten  or  so  cycles,  the  addi- 
tional loss  during  the  remaining  cycles  was 
only  2.7  percent. 

A  total  of  36  organic  chemicals  were 
found  in  the  desorbed  CO2,  and  seven  of 
these  were  found  in  the  process  air  Those 
emitted  during  the  early  cycles  were  pre- 
sumed to  be  contaminants,  while  those 
emitted  during  the  later  cycles  were  as- 


sumed to  result  from  breakdown  of  the 
resin.  During  the  first  80  cycles,  trimethyla- 
mine was  present  in  the  process  air  down- 
stream of  the  resin  bed  in  concentrations 
at  or  above  the  maximum  allowable  for  the 
spacecraft.  Because  trimethylamine  was 
still  present  after  569  cycles,  it  is  believed 
to  be  a  principal  product  of  the  breakdown 
of  the  resin.  It  could  be  removed  by  post- 
treating  the  process  air  with  phosphoric 
acid  on  charcoal.  The  other  chemicals 
could  be  removed  by  the  trace-contami- 
nant-control subsystem  of  the  Space  Sta- 
tion. 

This  work  was  done  by  Theodore 
Wydeven  of  Ames  Research  Center  and 
Peter  Wood  of  San  Jose  State  University. 
"Stability  of  IRA-45  Solid  Amine  Resin  as 
a  Function  of  Carbon  Dioxide  Absorption 
and  Steam  Desorption  Cycling." 
ARC-12129/TN 
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Improved  Radiography  of  Wooden  Parts 

Low-toxicity  liquid  penetrant  increases  absorption  in  defect  regions. 


A  technique  has  been  developed  to  in- 
crease the  radiographic  contrasts  of  in- 
herent latent  defects  in  wood.  Radiograph- 
ic inspection  of  items  fabricated  of  wood 
has  been  traditionally  very  difficult  be- 
cause of  the  basic  inhonnogeneity  of  this 
nnaterial.  Local  discrete  changes  in  density 
in  the  fornn  of  earlywood  and  latewood 
growth  bands  selectively  attenuate  the 
penetrating  radiation  and  cause  corre- 
sponding variations  in  density  on  radio- 
graphic films.  When  delaminations,  cracks, 
or  other  latent  defects  transcend  the  in- 
spection areas,  their  images  are  superim- 
posed on  the  already-confusing  radio- 
graphic images,  making  interpretation  of 
the  images  very  difficult. 

The  new  technique  involves  the  intro- 
duction of  a  radiopaque  substance  into  the 
defect  site  and  subjecting  the  site  to  pene- 
trating radiation.  Radiopaque  penetrants 
have  been  used  for  many  years  to  increase 
the  contrasts  of  internal  defects.  However, 
most  of  the  penetrants  used  are  severely 
restricted  in  application  because  of  two 
basic  disadvantages:  toxicity,  which  can 


make  the  penetrant  extremely  hazardous 
for  handling,  and  residual  contamination, 
which  causes  local  staining  and  could 
hinder  any  repair  scheme.  The  radiopaque 
penetrant  that  has  been  used  successfully 
for  this  technique  is  a  commercially  avail- 
able fluorocarbon  cleaning  solvent,  trichlo- 
rotrifluoroethane,  which  has  a  favorable 
toxicity-threshold-limit  value  of  I.CXXD  parts 
per  million. 

In  the  improved  technique,  an  x  radio- 
graph is  first  made  of  the  area  of  interest. 
Then  the  low-toxicity  penetrant  is  intro- 
duced by  the  flooding,  gravity-feed,  capil- 
lary action,  or  forced  flow.  The  defect  strata 
are  filled  with  the  radiopaque  penetrant,  in- 
creasing the  absorption  of  radiation  only  in 
the  defect  region.  The  area  is  again  radio- 
graphed, and  the  "before"  and  "after"  im- 
ages are  interpreted. 

blade.  These  cracks,  which  were  radio- 
graphically  invisible  before  the  penetrant 
was  introduced,  were  detected  through  a 

This  technique  has  been  successful  in 
depicting  interlaminar  shear  cracks  in  a 
large  laminated  spruce  wind-tunnel  fan 


section  thickness  of  up  to  28  in.  (71  cm). 
The  technique  could  be  applicable  in  the  in- 
spection of  wooden  aircraft  components, 
fan  and  wind-turbine  blades,  marine  parts, 
insulators,  and  other  wooden  components, 
assemblies,  and  structures. 

This  work  was  done  by  Maggie  L 
Berry  and  Robert  F.  Berry,  Jr.,  of  Langley 
Research  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13724/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Immunocytochemlstry  and  Video-Based  Imaging  Used  to 
Study  CNS  Disorders 


The  comhinaiion  of  qiuiniitaiivc  immununocytochemistry 
and  video-based  image  analysis  is  providing  informalion 
that  may  lead  lo  a  belter  understanding  of  several  different 
disorders  of  the  central  nervous  system  (CNS),  according 
to  investigators  at  the  University  of  Tennessee. 

Using  the  immunocytochemistry  technique,  a  tissue  prepa- 
ration is  labeled  with  an  antibody  to  a  single  neurotrans- 
mitter; this  antibody  is  attached  to  a  second  antibody  that 
is  in  turn  ail:iched  to  a  chromogen  -  a  substance  that  yields 
a  reaction  product  that  can  be  visualized  with  a  light  or 
electron  microscope. 

"ImmunocylochemisiPy'  provides  much  higher  resolution 
than  bicK'hemical  techniques;  we  can  visualize  not  only 
single  cells,  but  organelles  within  the  cytoplasm  and 
membrane  components  of  single  cells,"  says  Dr.  R. 
Ranney  Mize,  professor  of  anatomy  and  neurobiology 
and  director  of  the  Neurosciences  Imaging  Center  at 
the  University  of  Tennessee  College  of  Medicine  in 
Memphis.  "With  electron  microscopy  wc  can  sometimes 
visualize  labeled  antibodies  on  the  membranes  of  synaptic 
vesicles  [secretory  components  of  nerve  cells]  and  mito- 
chondria [energy-producing  structures  inside  a  cell]." 


Dr.  R.  Ranney  Mize  is  using  a 
combination  of 
immunocytochemistry  and 
video-based  image  analysis  to 
compare  cells  and  nerve 
connections  in  the  healthy  brain 
and  in  the  diseased  brain. 


Neither  immunocytochemistry  nor  quantitative  image 
analysis  is  unfamiliar  to  neuroscientisLs,  but  the  two  tech- 
niques arc  now  being  used  together  in  only  a  handful  of 
research  centers,  according  to  Dr.  Mize. 

Researchers  apply  the  techniques  by  exposing  CNS  tissues 
to  aniibodics  directed  against  specific  neurotransmitters  or 
other  substances  found  in  the  brain;  the  labeled  antibodies 
produce  an  image  that  is  captured  with  video  equipment 
and  analyzed  by  computer.  The  researchers  can  then 
study  the  location  and  shape  of  the  labeled  cells,  measure 
how  many  nerve  fibers  go  lo  particular  areas  of  the  brain, 
and  in  some  cases  estimate  the  relative  neurotransmitter 
content  of  these  structures,  says  Dr.  Mize. 

Quantitative  immunocytochemistry  provides  a  powerful 
tool  for  studying  cell  morphology  in  the  brain.  In  addi- 
tion, a  researcher  using  these  techniques  can  "lake  dis- 
eased tissue  in  the  brain,  u-eat  sections  of  the  tissue  with 
antibodies  to  various  substances,  and  then  monitor  possi- 
ble changes  in  the  antibody  conceniration  in  comparison 
to  healthy  tissue,"  Dr.  Mize  says.  The  technique  lends 
itself  p:irticularly  to  studying  motor  system  diseases,  such 
as  Huntington's  disease  and  Parkinson's  disease,  in  which 
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ncurolransmiucr  loss  may  signal  cell  death  at  various 
clinical  stages  of  disease. 

In  an  important  new  development  investigators  in  Dr. 
Mize's  laboratory  have  developed  a  nonbiological  stand- 
ard for  quantitative  immunocytochemistry  that  opens 
the  possibility  of  measuring  absolute  rather  than  relative 
amounts  of  neurotransmitter  in  specific  structures  in 
brain  tissue. 

The  development  of  immunocytochemistry  has  revolution- 
ized the  ability  to  locate  neurotransmitters  in  the  brain, 
Dr.  Mize  says.  Biochemical  assays  have  long  been  used 
to  measure  neurotransmitter  levels  in  brain  tissue,  but 
these  assays  do  not  provide  sufficiently  high  resolution 
to  measure  neurotransmitter  content  in  individual  cells 
or  fibers. 

In  quantitative  immunocytochemistry  a  video  image  of  the 
labeled  tissue  is  obtained  and  enhanced  for  better  visibility 
by  using  various  computer  manipulations.  Then  the 
images  of  the  relevant  structures  -  the  cells  or  fibers  - 
are  "extracted"  from  the  background  by  the  computer 
program  and  analyzed  for  shape,  position,  and  concentra- 
tion of  bound  antibody.  The  image  analyzer  provides  an 
estimate  of  the  relative  amount  of  neurotransmitter  that  is 
present  in  the  structure. 

Additional  Reading: 

1.  Mize,  R.  R.,  The  analysis  of  immunohistochemical  data. 

In  Computer  Techniques  in  Neuroanatomy,  (Capowski  J., 

ed.).  New  York,  New  York,  Plenum  Press,  1989,  pp.  333- 

372. 


2.  Mize,  R.  R.  Hoklefcr,  R.  N.,  and  Nabors,  L.  B.,  Quanti- 
tative immunocytochcmistrty  using  an  image  analyzer.  I. 
Hardware  evaluation,  image  processing,  and  data  analysis. 
Journal  ofNeuroscience  Methods  26:1-24,  1988. 

3.  Nabors,  L.  B.,  Songu-Mize,  E.,  and  Mize,  R.  R.,  Quanti- 
tative immunocytochemistry  using  an  image  analyzer.  II. 
Concentration  slimdards  for  transmitter  immunocytochem- 
istry. Journal  ofNeuroscience  Methods  26:25-34,1988. 

4.  Ramm,  P.,  and  Kulick,  J.  H.,  Principles  of  computer- 
assisted  imaging  in  autoradiographic  densitometry.  In  The 
Microcomputer  in  Cell  and  Neurobiology  Research. 
(Mize,  R.  R.,  ed.).  New  York,  New  York,  Elsevier,  1985, 
pp.  311-344. 


The  research  described  in  this  article  was  supported  by  a 
Shared  Instrumentation  Grant  from  the  Biomedical  Re- 
search Support  Program  of  the  NIH  Division  of  Research 
Resources,  by  the  National  Eye  Institute,  the  National 
Institute  of  Neurological  Diseases  and  Stroke,  and  the 
State  of  Tennessee  Neuroscience  Center  of  Excellence. 


For  Additional  Information- 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
l601  Research  Boulevard 
Rockvilie,  MD  20850 
GOD  984-2870 
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Optical  Trap:  Important  New  Tool  for  Manipulating 
Chromosomes 


Chromosomes  in  dividing  cells  can  be  moved  with  an 
optical  force  trap  produced  by  a  laser  beam  focused 
tlirough  a  microscope,  according  to  investigators  at  the 
Beckman  Laser  Institute  and  Medical  Clinic  at  the  Univer- 
sity of  California  at  Irvine.  This  new  tool  will  provide  a 
means  to  probe  the  forces  and  mechanisms  responsible  for 
chromosome  movement  during  mitosis,  or  cell  division. 
In  addition,  the  Beckman  researchers,  who  are  also  using 
the  optical  trap  to  study  sperm  motility  and  to  bring  cells 
together  for  fusion,  envision  a  wide  range  of  applications 
of  the  technique  in  cell  biology. 

For  the  chromosome  studies.  Dr.  Michael  Bems,  professor 
of  surgery  and  cell  biology  and  director  of  the  Laser  Insti- 
tute at  the  University  of  California,  Irvine,  and  his  col- 
leagues used  PTK2  cells,  a  line  from  the  Tasmanian  rat 
kangaioo.  Because  these  cells  are  very  flat,  they  are  ideal 
for  observing  the  events  of  mitosis. 


The  idea  that  light  exerts  a  force  on  objects  was  first 
proposed  in  1619  by  Johannes  Kepler  to  explain  why  the 
tails  of  comets  face  away  from  the  sun.  In  1970  Dr. 
Arthur  Ashkin,  a  physicist  at  the  Bell  Laboratories 
in  New  Jersey,  applied  this  concept  to  show  that  light 
from  a  laser  beam  can  be  used  to  trap  small  particles. 
Research  conducted  by  Dr.  Ashkin  and  by  others  inspired 
by  his  work  has  led  to  the  studies  being  conducted  today 
at  the  Beckman  Laser  Institute. 

William  Wright,  a  graduate  student  in  electrical  engineer- 
ing, is  working  with  Dr.  Berns  on  theoretical  studies  of 
how  the  optical  trap  works.  "Light  pushes  on  an  object 
because  the  momentum  of  photons,  or  particles  of  light, 
is  transferred  to  the  object,"  Mr.  Wright  explains. 

In  Dr.  Ashkin's  early  work  optical  trapping  was  accom- 
plished with  a  pushing  force:  an  object  was  trapped 
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The  forces  that  are  responsible 
for  the  orderly  movemenl  oi 
chromosomes  during  ceil 
division  may  be  snic'icd  ny  using 
an  optical  force  trap  C'Oducid 
by  a  laser  beam.  In  this  di'jirally 
enhanced  micrograph  of  a 
metaphase  cell  the  optical  force 
was  applied  at  the  points 
indicated  by  arrows.  Dunng  the 
45-second  sequence  (A  to  D)  the 
chromosome  was  moved  1 1 
micrometers  with  a  peak  velocity 
that  was  W  to  20  times  greater 
than  normal.  Researchers  at  the 
BRTP-supported  Beckman 
Laser  Institute  and  Medic-ii 
Clinic  at  the  University  ct 
California  at  Irvine  continually 
monitored  the  sequence  ot 
movements  by  time-lap^c  video 
microscopy. 
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between  two  laser  beams  aimed  toward  each  other.  The 
pulling  force  used  by  the  Beckman  researchers  is  created 
by  focusing  the  laser  beam  on  a  point  near  the  object  to  be 
trapped.  The  diameter  of  this  point  is  approximately  the 
same  as  the  wavelength  of  the  light.  As  rays  emerge  from 
the  point,  they  enter  the  object  and  are  refracted,  or  bent. 
"This  bending  cau.ses  a  change  in  momentum  of  the  light, 
as  a  result  of  which  momentum  gets  transferred  to  the  ob- 
ject," says  Mr.  Wright,  "and  if  you  get  the  geometry  just 
right,  the  object  will  be  pulled  back  toward  the  laser 
beam." 

The  researchers  focused  a  continuous-wave  neodymium 
YAG  (yttrium/aluminum/  garnet)  laser  beam  so  that  a 
pulling  force  was  exerted  on  the  chromosomes.  Free 
chromosomes  (outside  of  cells)  moved  toward  the  laser 
beam,  but,  surprisingly,  in  intact  cells  chromosomes 
moved  away  from  the  beam  at  rates  ranging  from  10 
to  20  times  their  normal  velocity.  The  investigators  be- 
lieve that  in  intact  cells  a  counterforce  is  generated  in 
respon.se  to  the  pull  by  the  optical  trap,  most  likely  by 
the  "mitotic  motor"  -  the  mechanism  that  causes  chromo- 
somes to  move  during  mitosis. 

Chromosome  responses  to  the  optical  trap  were  observed 
on  a  TV  monitor  attached  via  video  recording  equipment 
to  a  standard  phase-contrast  microscope.  Time-lapse 
video  microscopy  provided  a  record  of  chromosome 
movement;  digital  processing  improved  the  quality  of 
the  images  and  helped  the  researchers  gather  quantitative 
data. 

Dr.  Berns  and  his  research  team  have  applied  the  optical 
force  to  both  cenirophilic  chromosomes,  which  are  com- 
pletely off  the  spindle,  and  to  late-moving  chromosomes, 
which  lag  behind  the  others  while  approaching  the  meta- 
phase  plate.  With  the  optical  trap,  the  centrophilic  chro- 
mosomes were  moved  back  onto  the  spindle  and  the 
late-moving  chromosomes  were  hastened  toward  the 
metiiphasc  plate.  In  both  cases,  the  cells  went  on  to  divide 
normally. 

Dr.  Berns  also  envisions  applying  the  force  to  start  a 
chromo.some  moving,  then  turning  the  laser  beam  off 
to  see  if  the  chromosomes  will  stop  moving  or  continue 
to  move.  This  would  show  whether  the  force  pulling  the 
chromosome  is  purely  in  response  to  the  optical  force,  or 


whether  the  force  can  act  independently  once  it  has  been 
activated.  In  addition,  applying  the  optical  force  and 
doing  electron  micro.scopy  at  different  times  during  mito- 
sis might  reveal  that  the  nature  of  the  mitotic  motor  is  not 
always  the  same. 

Still  other  experimenLs  might  entail  applying  the  optical 
force  after  using  a  laser  to  destroy  all  or  part  of  the  kineto- 
chore,  the  sU"uciure  that  attiiches  a  chromosome  to  the 
spindle.  Or  the  optical  force  could  be  used  to  start  a 
chromosome  movement,  and  the  kinetochore  could  subse- 
quently be  destroyed.  These  experiments  would  help  to 
elucidate  the  role  of  the  kinetochore  in  chromosome 
movement. 

Additional  reading: 

1.  Berns,  M.  W.,  Wright,  W.  H.,  Tromberg,  B.  J.,  Profeta, 
G.  A.,  Andrews,  J.  J.,  and  Walter,  R.  J.,  Use  of  a  laser- 
induced  optical  force  trap  to  study  chromosome  move- 
ment on  the  mitotic  spindle.  Proceedings  of  the  National 
Academy  of  Sciences  USA  86:4539-4543, 1989. 

2.  Tadir,  Y.,  Wright,  W.  H.,  Vafa,  O.,  Ord,  T.,  Asch,  R. 
H.,  and  Berns,  M.  W.,  Micromanipulation  of  sperm  by  a 
laser-generated  optical  trap.  Fertility  and  Sterility  52:870- 
873, 1989. 

3.  Ashkin,  A.,  and  Dziedzic,  J.  M.,  Optical  trapping  and 
manipulation  of  viruses  and  bacteria.  Science  235:1517- 
1520,  1987. 

The  research  described  in  this  article  was  supported 
by  the  National  Heart,  Lung,  and  Blood  Institute;  the 
National  Cancer  Institute:  the  Biomedical  Research 
Technology  Program  of  the  Nil  I  Division  of  Research 
Resources;  and  the  Strategic  Defense  Initiative 
Organization. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

New  PC  Database  on  Crystallization  of  Biological 
Molecules  Available  for  Biochemists 


A  new  compuicri/.cd  ckiUibase  for  biochemists  in  industrial  laboratories  and  universities  worldwide  brings  logciher 
for  ihe  lirst  lime  all  of  the  published  information  on  the  successful  crysiallizaiion  of  proteins  and  nucleic  acids. 

This  imporiani  research  tool  for  the  design  of  new  drugs  and  chemical  proces.ses  was  developed  by  Dr.  Gary  L. 
Gilliland,  a  research  chemist  at  the  National  Institute  of  Suindards  and  Technology  (NIST)  and  a  fellow  of  ihe 
Center  for  Advanced  Research  in  Biotechnology  (CARB). 

According  lo  Gilliland,  pharmaceutical  manufacturers  use  protein  structures  in  rational  drug  design.  Chemical 
companies  use  protein  structures  as  well  to  understand  and  alter  the  action  of  enzymes.   Information  on  the  three- 
dimensional  atomic  structure  of  a  protein  is  an  invaluable  aid  in  understanding  the  protein's  function. 

"Successful  crystallization  is  the  first,  and  often  the  most  difficult,  step  in  obtaining  the  three-dimensional  structure 
of  a  protein  or  enzyme  by  X-ray  crystallography,  and  yet  crystallization  is  often  governed  by  Q-ial-and-crror  meth- 
ods," says  Gilliland.  "The  NIST/CARB  database  represents  the  first  step  in  the  development  of  a  systematic  su-aic- 
gy  for  cr}'siallizalion.  This  new  database  is  like  having  a  collection  of  recipes  on  crystal  growth,"  he  adds. 

CARB  as.sociaie  director  Dr.  Waller  J.  Stevens  points  out  that  the  new  database  will  conu-ibute  to  ad\ances  in 
understanding  how  proteins  crystallize  and  provide  researchers  with  rapid  access  to  existing  knowledge.  It  already 
has  been  used  extensively  in  developing  crystallization  protocols  for  a  number  of  proteins  currently  under  sludy  at 
CARB,  .says  Stevens. 

The  NIST/CARB  Biological  Macromolecule  Crystallization  Database  is  designed  for  personal  computers  (PCs) 
and  coniiiins  crystal  data  and  the  crystallization  conditions  for  more  than  1,000  crystal  forms  of  over  6(X)  biological 
macromolccules.  For  each  crystal  entry  there  is  a  complete  description  of  cryiallization  conditions  and  related 
crystallographic  data.  The  database  al.so  provides  researchers  with  evaluated  critical  data  on  the  physical  characier- 
isiics  of  known  crystals,  including  unit  cell  parameters,  space  group,  crystal  density,  and  diffraction  limit. 

The  software  program  for  Uie  biological  macromolecule  crystallization  database  was  developed  by  Dorothy  M. 
Bickham,  computer  specialist  in  the  NIST  Standard  Reference  Data  Program. 

FOR  ADDITIONAL  INFORMATION:  The  new  database  is  available  for  S300.  It  is  designed  to  be  stored  on  a 
hard  disk  of  any  AT  or  XT-Class  PC  where  it  occupies  2.8  megabytes.  To  order  NIST/CARB  Biological  Macro- 
molecule Cryst:illization  DaUibase,  Standard  Reference  Database  21,  contact:  Standard  Reference  Data  Program, 
A323  Physics  Bldg.,  National  Institute  of  Standards  and  Technology,  Gaithersburg,  Md.  20899;  (301)975-2208. 
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Hollow-Fiber  Clinostat 

Cells  are  grown  in  an  environnnent  that  simulates  some  of  the  effects  of  microgravity. 


The  hollow-fiber  clinostat  is  a  bioreactor 
used  to  study  the  growth  and  other  be- 
havior of  cells  in  simulated  microgravity. 
The  cells  under  study  are  contained  in  a 
porous  hollow  fiber  immersed  in  the  cul- 
ture medium  inside  a  vessel.  The  pores  in 
the  hollow  fiber  allow  exchange  of  gases, 
nutrients,  and  metabolic  waste  products 
between  the  living  cells  and  the  external 
culture  media.  The  hollow  fiber  lies  on  the 
axis  of  the  vessel  (see  figure),  which  is 
rotated  by  a  motor  equipped  with  torque 
and  speed  controls.  The  desired  tempera- 
ture is  maintained  by  operating  the  clino- 
stat in  a  standard  tissue-culture  incubator. 
The  axis  of  rotation  can  be  made  horizontal 
or  vertical. 

Cells  are  injected  into  the  lumen  of  the 
fiber  through  a  hypodermic  needle.  The 
ends  of  the  fiber  are  then  sealed  by  hot  wax 
or  by  heat  alone,  and  the  fiber  is  mounted 
in  a  fiber  holder  under  spring  tension, 
which  l<eeps  it  aligned  with  the  axis.  The 
holder  is  mounted  in  the  vessel,  the  vessel 
is  filled  with  the  culture  medium,  and  the 
vessel  is  sealed.  Ports  in  the  vessel  provide 
access  for  exchange  and  sampling  of  the 
culture  medium  and  for  the  injection  of  bio- 
chemical agents.  The  clinostat  is  designed 
for  use  with  conventional  methods  of  steri- 
lization and  sanitation  to  prevent  contami- 
nation of  the  specimen.  It  is  also  designed 
for  asepsis  in  assembly  injection  of  the 
specimen,  and  exchange  of  the  medium. 

Depending  on  the  difference  between 
the  densities  of  the  cells  (or  particles  to 
which  the  cells  are  attached)  and  the  liquid 
in  which  they  are  suspended,  the  particles 
may  settle  down  to  motion  within  circular 
trails  about  a  horizontal  axis  of  rotation. 
When  the  rotation  is  sufficiently  rapid, 
microgravity  is  simulated  in  the  sense  that 
the  particles  cease  to  move  vertically  The 
simulation  approaches  100  percent  for 
particles  in  suspensions  in  which  the  cen- 
trifugal forces  and  Brownian  motions  off- 


Rotation 


In  the  Hollow-Fiber  Clinostat,  shown  here  In  simplified  schematic  form,  specimen  cells  are 
suspended  in  liquid  inside  a  hollow  fiber  on  the  axis  of  a  culture  vessel.  The  vessel  and  fiber 
rotate  about  the  axis  to  simulate  some  of  the  effects  of  microgravity. 


set  each  other  Operation  with  rotation 
about  a  vertical  axis  provides  the  motional 
condition  for  a  control  experiment  in  the 
sense  that  the  gravitation  is  then  constant 
along  the  axis.  Another  control  condition  is 
provided  by  nonrotational  operation  with 
the  axis  horizontal. 

The  hollow-fiber-clinostat  concept  also 
embraces  several  alternative  designs. 
Suspension  cultures  of  cells  or  organisms 
can  be  studied  by  selecting  speeds  of  rota- 
tion that  maintain  the  positions  of  the  cells 
within  the  fiber  Larger  quantitites  of  cells 
or  organisms  can  be  tested  by  lengthening 
the  fiber,  fiber  holder  and  culture  vessel. 
Slip-type  connectors  and  tubing  can  be 
added  for  continual  circulation  of  the  cul- 
ture medium  to  enable  monitoring  and/or 
control  of  the  concentrations  of  substanc- 
es in  the  medium.  Cells  or  organisms  de- 
pendent on  anchorage  could  be  grown  on 
beads  injected  into  the  hollow  fiber  This 
would  facilitate  removal  of  samples  of  cells 


from  the  fiber 

This  work  was  done  by  Percy  H. 
Rhodes,  Teresa  Y.  Miller,  and  Robert  S. 
Snyder  of  Marshall  Space  Flight  Center. 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-28370/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford.  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  PC.  Box  8757. 
BWI  Airport,  MD  21240:  (30T)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Nutrition  Probes  For  the  90's:  Scientists  Seek  Better  Ways 
to  Score  Your  Vitamin  and  Mineral  Health 


NuLrilionisis  dream  of  llic  day  when  you'll  be  able  to  walk 
inio  your  docior's  ol  lice  and,  after  a  brief  battery  of  in- 
expensive and  relatively  painless  tests,  find  out  if  you're 
gelling  all  ihc  vilamins  and  minerals  you  need. 

Such  probes  could  also  aid  U.S.  health  officials  who  every 
5  ye:irs  or  so  pick  some  30, 000  Americans  at  random  for 
ihc  nation's  nutrition  census,  says  James  M.  lacono,  direc- 
tor of  ARS'  Western  Human  Nutrition  Research  Center  at 
San  Francisco.  The  survey  profiles  what  Americans  eat. 

This  country's  nutrition  standards  -  the  Recommended 
Dietary  Allowances,  or  RDA's  that  end  up  on  vitamin 
pill  hollies  or  labels  of  packaged  foods  -  rely  heavily  on 
survey  results. 

"We'd  like  to  offer  tests  thai  miikc  it  economical  and  prac- 
tical to  measure  nutrients  that  aren't  typically  included 
in  tlie  survey,  like  vitamin  B6  or  selenium,"  says  lacono. 
"For  other  nuirienis  such  as  viuimin  A,  we  think  we  can 
improve  the  most  commonly  used  tests." 

Center  scientists  :ire  gearing  the  tests  to  detect  slight  or 
marginal  deficiencies  of  vitamins  and  minerals  -  the  type 
of  shorLige  most  common  in  this  country.  Unlike  severe 
deficiencies,  marginal  shortages  lack  easy-to-diagnosc 
symptoms. 


Scientists  already  know  that  slight  deficiencies  of  some 
nutrients  can  be  cause  for  concern.  Research  chemist 
Betty  J.  Burri,  co-developer  of  a  new  vitamin  A  test,  says 
shortages  of  that  nutrient  have  been  linked  to  lowered 
immune  response  and  increased  incidence  of  cancer. 

Because  most  healthy  people  store  90  to  95  percent  of 
their  vitamin  A  supply  in  iheir  liver,  one  of  the  best  ways - 
though  not  often  used  -  lo  measure  the  nutrient  is  to 
examine  a  liny  chunk  of  the  liver.  Burri  and  colleague 
Mark  A.  Kiiinink  propose  an  alternative  that's  simple, 
quick,  inexpensive,  and  relatively  painless.  They  opt 
for  running  a  sinall  sample  of  blood  through  a  high- 
performance  liquid  chroinaiograph  to  separately  measure 
two  different  forms  of  a  retinol-binding  protein  -  some- 
thing earlier  tests  can't  do. 

The  key  to  measuring  your  niacin  status  might  be  the  ratio 
of  two  niacin-coniaining  chemicals,  NAD  and  NADP,  in 
your  blood,  says  research  chemist  Robert  A.  Jacob  at  the 
center.  "Any  niacin  you  cat,  like  in  meat  or  dairy  pro- 
ducts, is  ultimately  converted  into  NAD  or  NADP,"  he 
says. 

Jacob  and  co-researchers  at  UCLA's  School  of  Public 
Health  hit  on  ihe  idea  of  analyzing  the  ratio  of  the  two 
chemicals  during  an  experiment  with  volunteers. 


►     Llu'iiiist  Rohcrl  JucdI)  cxaruines  blood 
scrum  tisl  rt'sults  troni  an  aulomatcd 
anal>/(.r  Ihal  is  used  lo  dftiniiiiK.  luilritiil 
le\clsin  hlood.   iK-.^527-lli 
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Other  center  scientists  have  refined  a  test  for  measuring 
vitamin  B6.  Their  test  employs  a  standard  piece  of  lab 
equipmcni  -  the  automated  chemistry  analyzer  -  and  a 
small  sample  of  blood. 

The  procedure  measures  changes  that  occur  when  B6  is 
added  to  two  enzymes  in  red  blood  cells.  Both  enzymes 
must  have  B6,  and  both  are  already  the  basis  of  some 
other,  long-standing  B6  tests,  according  to  research 
chemist  James  H.  Skala,  now  retired.  "But  the  other 
B6  tests  arc  cither  done  by  hand,  or  -  if  automated  - 
only  measure  one  of  these  two  key  B6  dependent  en- 
zymes," he  says. 

Meanwhile,  a  few  cells  gently  removed  from  inside  your 
cheek,  by  carefully  scraping  it  with  a  soft  toothbrush,  may 
reveal  if  you're  getting  all  the  vitamin  C  you  need.  "This 
isn't  a  new  idea,"  says  research  chemist  Robert  Jacob, 
"but  our  experiment  may  be  the  first  to  indicate  that 
buccal  cells  can  accurately  reflect  your  vitamin  C  intake." 
He  tried  it  out  with  volunteers  who  lived  at  the  center  for  a 
study  of  this  and  other  vitamin  C  probes. 

At  the  opposite  end  of  the  nuu^ition  spectrum  are  nutrients 
we  only  need  in  tiny  amounts  -  trace  minerals.  The 
recommended  range  for  molybdenum  is  only  75  to  250 
micrograms  a  day  for  adults,  an  amount  that's  "hardly 
visible,"  says  research  nutrition  scientist  Judith  R.  Tum- 
lund. 

One  approach  she  tried  in  a  study  with  healthy  young 
men  was  to  feed  them  doses  of  compounds  that  would. 


if  volunteers  had  enough  molybdenum,  break  down  into 
byproducts  the  researchers  could  detect  and  measure. 

"Until  our  experiment,  no  one  had  tried  this  'loading  dose' 
approach  to  measuring  molybdenum.  It's  used  to  test 
other  nutrients,  so  we're  hoping  it  will  work  for  molybde- 
num. 

Another  trace  mineral,  selenium,  was  assigned  an  RDA 
for  the  first  time  last  year  -  70  micrograms  for  men  and  55 
micrograms  for  women.  Both  amounts  are  "less  than  a 
grain  of  salt,"  says  W.  Chris  Hawkes,  a  research  chemist. 

Right  now,  he's  working  on  two  tests.  One  monitors  a 
reaction  that  occurs  when  selenium  from  a  blood  sample 
reacts  with  the  chemical  tetrazolium  to  produce  a  blue 
color.  His  experiments  indicate  the  test  is  just  as  sensitive 
as  an  alternative  method,  which  uses  a  less  common  piece 
of  equipment  and  appciirs  more  difficult  to  automate. 

The  second  test  is  a  "completely  new  approach"  to  analyz- 
ing a  selenium-dependent  enzyme,  glutathione  peroxidase. 
Hawkes  produced  what  he  thinks  is  the  first  fully  auto- 
mated method  that  uses  this  enzyme  to  measure  selenium 
intake. 


FOR  ADDITIONAL  INFORMATION:  James  M.  lacono 
and  colleagues  are  wiili  USDA-ARS,  Western  Human 
Nuu-ition  Research  Center,  P.O.  Box  29997,  Presidio  of 
San  Francisco,  CA  94129  (415)  556-9697. 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

^      U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

New  Method  To  Detect  Aluminum  in  Blood  Substitute 


Palients  needing  emergency  blood  transfusions  can  be  given  infusions  of  albumin  as  an  initial  replacement  for 
blood  loss.  This  practice  eliminates  the  need  for  blood  typing  and  can  reduce  the  possibility  of  disease  transfer. 
However  recent  studies  have  uncovered  a  problem  with  albumin  that  could  prompt  other  adverse  health  effects: 
trace  levels  of  aluminum.  In  the  past,  aluminum  was  difficult  to  measure  at  these  low  concentrations.  But  now,  at 
the  request  of  the  Food  and  Drug  Administration  (FDA),  NIST  researchers  have  developed  effective  methods  for 
measuring  aluminum  in  albumin  that  combine  several  chemical  analysis  techniques.  Laboratories  in  pharmaceuti- 
cal companies  and  hospitals  can  adopt  these  methods  to  screen  albumin  products  before  they  are  marketed  or  used. 
NIST  also  has  measured  aluminum  levels  in  a  number  of  albumin  samples  the  FDA  and  manufacturers  will  use  to 
ensure  measurement  reliability.  Apparently  a  byproduct  of  the  albumin  manufacturing  process,  aluminum  at  trace 
levels  has  been  correlated  to  diseases  affecting  nerve  tissue  and  bone.  Aluminum  exposure  is  a  problem  for 
patients  with  kidney  impairment,  because  they  have  no  way  of  excreting  excess  aluminum,  and  for  patients 
receiving  large  or  frequent  albumin  doses. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)467-4600. 
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0909     A  Geolaser  for  Mapping  Planar  Geologic  Features  in  Deep  Underground 
Mines  (Licensing  Opportunity) 


Testing  &  Instrumentation 

0910     Seafloor  Instrument  Proves  Effective  in  Detecting  Quakes 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior    U.S.  Bureau  of  Mines 


Licensing 
Opportunity 


A  Geolaser  for  Mapping  Planar  Geologic  Features  in  Deep 
Underground  Mines 


Objective 

Develop  a  method  for  mapping  planar  geologic  features 
in  deep  underground  mines  where  the  presence  of  metal 
interferes  with  compass  readings. 

Background 

A  fundamental  problem  of  mapping  planar  geologic  fea- 
tures in  deep  underground  mines  is  the  presence  of  metal 
(water  and  air  pipes,  track,  equipment,  etc.),  which  affects 
the  accuracy  and  consistency  of  compasses.  Present  geo- 
logic mapping  methods  include  use  of  transits  or  theo- 
dolites, both  of  which  are  cumbersome  and  time  con- 
suming to  use.  To  complicate  the  mapping  process  each 
planar  feature  must  be  surveyed,  and  if  that  feature  is  not 
apparent  on  the  opposite  wall,  it  cannot  be  mapped. 
Another  method  of  mapping  is  to  stretch  a  tape  measure 
between  two  survey  spads  and  place  a  string  along  a  planar 
feature  on  one  wall  and  out  into  the  opening  until  it 
intersects  the  tape  measure.  This  method,  in  addition  to 
being  time  consuming,  is  also  inaccurate. 

Because  detailed  mapping  of  planar  geologic  features 
deep  underground  involves  many  repetitive  measurements, 
a  quick,  accurate,  and  reliable  method  for  making  such 
measurements  was  necessary.  The  geolaser  was  developed 
to  make  such  measurements  in  deep  underground  mines 
where  metal  interferes  with  conventionally  used  compasses. 

How  It  Works 

Operation  of  the  geolaser  is  based  on  the  fact  that  any 
be. tin  of  light  laid  horizontally  along  on  a  planar  feature 
will  defme  the  strike  of  that  feature.  Thus,  a  laser  beam 
can  actually  project  where  a  planar  geologic  feature  should 
occur  along  the  back  or  opposite  rib  in  an  underground 
opening. 


Metal  strips  along  one  side  or  the  bottom  of  the  geolaser  can 
be  extended  to  allow  the  Instrument  to  be  placed  in  a  tight 
opening. 


A  plan  view  map  of  the  mine  showing  survey  spads  is 
required.  Underground,  a  tape  measure  is  stretched  from 
spad  to  spad.  The  geolaser  is  then  placed  on  any  planar 
geologic  feature  to  be  mapped,  and  a  level  contained  in 
the  unit  is  used  to  orient  the  beam  horizontally.  If  the 
instrument  cannot  be  placed  in  a  tight  opening,  metal 
strips  along  one  side  or  bottom  of  the  instrument  can  be 
extended  to  fit  into  the  opening.  The  laser  beam  is  acti- 
vated and  the  beam  traced  to  its  intersection  with  the  tape 
measure.  A  4-  to  6-foot-long  rod  is  placed  perpendicular 
to  the  tape  measure  to  mark  the  intersection  of  the  beam 
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A  line  between  geolaser  location  and  its  beam  Intersection 
with  a  tape  measure  defines  the  line  of  strilte  relative  to  a  survey 
line  between  two  spads. 


Test  Results 

The  instrumcnl  and  methodology  have  been  extensively 
tested  and  have  been  successfully  used  to  map  planar 
geologic  features  at  two  deep  underground  mines.  Time 
saved  mapping  with  the  geolaser  is  estimated  at  about 
50%,  with  an  increase  in  accuracy. 


Patent  Status 

The  U.S  Department  of  the  Interior  has  applied  for  a 
patent  on  the  geolaser. 


For  More  Information 


Additional  information  about  the  Bureau's  geolaser  may 
be  obtained  by  contacting  the  investigator  involved  with 
this  research: 


with  the  tape  measure.  The  location  of  the  geolaser  and 
the  point  where  the  beam  crosses  the  tape  measure  are 
marked  on  the  mine  map.  The  resulting  line  between 
these  points  defines  the  line  of  strike  relative  to  the  survey 
line  between  the  two  spads.  The  time  needed  to  take  a 
measurement  is  about  20  seconds.  Two  people  are 
required. 


Douglas  F.  Scott 
Spokane  Research  Center 
U.S.  Bureau  of  Mines 
E.  315  Montgomery  Avenue 
Spokane,  WA  99207-2291 
509-484-1610 
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Technology  Application 


Sandia  National  Laborator 


Seafloor  Instrument  Proves  Effective  In  Detecting  Quakes 


New  seafloor  seismic  equipment  designed  at  Sandia 
National  Laboratories  has  demonstrated  greater  sensi- 
tivity to  earthquakes  and  a  longer  lifespan  than  earlier 
models. 

For  the  next  eight  years,  the  Seafloor  Earthquake 
Measurement  System  (SEMS)  will  monitor  undersea 
seismic  disturbances  off  the  southern  California  coast, 
with  the  goal  of  gathering  information  to  aid  in  the 
design  of  earthquake-resistant  offshore  oil  platforms. 

Earlier  versions  of  SEMS  revealed  that  seabed  soils 
behave  differently  from  dry  land  during  an  earthquake. 
While  dry  land  shakes  roughly  equally  in  both  vertical 
and  horizontal  directions,  the  seafloor  shakes  primarily 
horizontally. 

The  shelf-contained  measurement  unit  gathers  and 
stores  seismic  information  from  the  seafloor  using  a 
probe,  a  microprocessor,  and  a  battery  pack  and  trans- 
mits data  to  a  receiver  aboard  a  ship  using  an  acoustic 
telemetry  link.  The  goal  is  to  combine  information  from 
SEMS  with  that  from  land-  and  platform-based  seismic 
sensors  to  give  researchers  a  more  complete  picture  of 
how  earthquakes  affect  offshore  structures. 

Information  on  the  response  of  seabed  sediments  to 
earthquakes  has  been  scarce,  causing  significant  uncer- 
tainty in  the  design  of  offshore  oil  platforms.  In  contrast, 
extensive  information  is  available  for  designing  offshore 
structures  to  be  resistant  to  storm  winds,  waves,  and  ice 
floes. 

On  seafloor  off  Long  Beach 

The  new  system,  dubbed  SEMS  III,  is  operating 
under  210  feet  of  water,  10  miles  offshore  Long  Beach, 
("alif.  Fifty  times  more  sensitive  than  its  predecessor, 
SEMS  Ill's  improved  technology  should  allow  it  to  pick 
up  an  average  of  five  southern  California  earthquakes 
per  year  with  Richter  magnitudes  of  3.0  and  greater,  says 
project  leader  Gerard  Sleete. 

SEMS  III  has  already  recorded  three  earthquakes 
this  year.  On  January  17,  1990,  SEMS  recorded  a 
3.5-magnitude  quake  centered  near  Gardena,  Calif.,  and 
on  February  28  it  recorded  a  5. -5  quake  and  its  4.6 
.il'tershock  centered  in  LJpland.  The  Upland  quake  was 
the  largest  quake  to  occur  in  southern  California  in  the 
past  two  years,  causing  an  estimated  .^20  million  dam- 
age. The  accurate  recording  of  these  quakes  demon- 
strated SEMS  lIFs  capabilities  and  provided  furl  her 
evidence  of  the  seafloor's  horizontal  earthquake 
response,  Sleefe  said. 


ENT  SYSTEM 
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SEMS  III  consists  ot  an  autonomous  seafloor  electronics  pack- 
age that  gathers  the  data  and  a  shipboard  interrogation  unit. 
The  seafloor  package  records  seismic  activity  and  transfers  the 
digital  data  on  command  to  the  shipboard  receiver  using  under- 
water acoustic  telemetry 


The  increased  sensitivity  of  SEMS  III  comes  from 
its  microprocessor  software,  which  includes  an  improved 
multi-axis  detection  algorithm.  The  algorithm  is  capable 
of  processing  data  simultaneously  from  the  probe's  three 
accelerometers,  which  measure  seafloor  vibrations  and 
determine  the  onset  of  an  earthquake. 

The  microprocessor  continuously  monitors  acceler- 
ometer  signals  and  stores  data  when  seafloor  shaking 
reaches  a  level  six  times  above  background  motion. 

SEMS  Ill's  tri-axial  configured  accelerometers  also 
allow  it  to  detect  movement  in  three  directions  instead 
of  one  as  in  prototype  models.  Earlier  prototypes  of 
SEMS  used  a  vertical-only  detection  algorithm,  much 
like  more  conventional  land-based  earthquake  detection 
algorithms.  Consequently,  they  suffered  from  high  false- 
trigger  rates,  causing  excessive  drain  on  the  unit's  bat- 
teries. The  units  also  failed  to  record  some  significant 
earthquakes. 

"We  were  dealing  with  a  system  that  might  get  one 
or  two  earthquakes  during  its  lifetime."  said  Sleefe. 
"That  made  for  a  costly  system  with  a  long-time  turn- 
around in  evaluating  the  response  of  offshore  platforms 
to  earthquakes." 

Other  improvements  include  lower  noise  electronics 
and    lower   power   consumption.   The    battery-powered 
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unit  is  expected  to  operate  underwater  for  eight  years, 
more  than  triple  the  earher  versions. 

The  SEMS  research  team,  which  includes  Harry 
Morris,  Bruce  Engler  and  Sleefe  of  Sandia's  Advanced 
Technology  Division,  has  also  revamped  the  installation 
process.  The  12-foot-high  vibrocoring  drilling  mecha- 
nism, developed  by  Engler,  has  been  incorporated  with 
the  rest  of  the  SEMS  package,  permitting  easier  and 
more  accurate  placement  of  the  probe.  Installation  costs 
have  also  been  reduced  from  $40,000  to  about  $10,000. 

Sleefe  said  another  SEMS  III  will  be  built  and 
installed  this  summer  near  an  oil  rig  offshore  from  Point 
Arguello,  northwest  of  Santa  Barbara  and  near  the 
Unocal  platform  Irene.  The  unit  will  be  identical  to  the 
original  SEMS  III  units  except  its  electronics  will  re- 
main on  the  rig  and  be  attached  by  cable  to  a  probe 
embedded  in  the  seafloor. 

Together  the  two  seafloor  measurement  systems  will 
form  an  offshore  seismic  array,  and  they  are  expected  to 
provide  researchers  with  more  complete  data  for  analyz- 
ing sediment  response  during  future  southern  California 
earthquakes. 

In  July  1986,  a  SEMS  prototype  provided  earth- 


quake data  that  allowed  researchers  for  the  first  time  to 
compare  the  seismic  responses  of  dry  land  soils,  seabed 
soils,  and  an  offshore  structure.  Two  significant  earth- 
quakes were  recorded  simultaneously  by  SEMS,  land- 
based  seismographs,  and  on  an  offshore  platform.  Plat- 
form records  and  SEMS  data  showed  that  the  vertical 
component  of  acceleration  was  nearly  an  order  of  mag- 
nitude weaker  than  the  corresponding  on-shore  measure- 
ments. 

The  SEMS  project,  which  was  established  in  1977,  is 
primarily  funded  by  the  Minerals  Management  Service 
division  of  the  U.  S.  Department  of  Interior  and  the 
U.  S.  Department  of  Energy.  n 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce.  Gaithersburg.  MP  20899 


PC  Database  for  Evaluating  Refrigerants  Announced 


Refrigeration  engineers,  chemical  and  equipment  manufacturers,  and  others  who  use  chloro- 
fluorocarbons  have  a  new  research  tool.  A  new  personal  computer  (PC)  software  package 
enables  users  to  assess  several  environmentally  acceptable  refrigerants  and  mixtures  as 
possible  replacements  for  currently  used  materials.  The  NIST  Thermodynamic  Properties 
of  Refrigerant  Mixtures  (REFPROP)  Database  can  produce  rapidly  tables  of  the  thermodynamic 
properties  for  15  partially  and  fully  halogenated  chlorofluorocarbon  refrigerants  and  20  of  their 
mixtures.  Users  also  have  the  option  to  calculate  other  mixtures  of  the  15  refrigerants  by  using 
their  own  data.  The  refrigerants  in  the  REFPROP  program  are  Rll,  R12,  R13,  R13B1,  R14, 
R22,  R23,  R113,  Rl  14,  R123,  R124,  R134,  R134a,  R142b,  and  R152a.  The  database  is 
designed  to  be  stored  on  a  hard  disk  of  any  AT  or  XT-class  PC  and  occupies  250  kilobytes. 

FOR  ADDITIONAL  INFORMATION:  To  order  NIST  Standard  Reference  Database  23, 
REFPROP,  available  for  $225,  contact:  Standard  Reference  Data  Program,  A323  Physics  Bldii., 
NIST,  Gaithersburg,  Md.  20899;  telephone:  301/975-2208. 


911 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Standards  for  Low-Temperature  Superconductors 


NIST  has  a  highly  successful  program  to  develop  standards  for  conventional  (low  temperature)  superconductors 
in  support  of  Department  of  Energy  largescale  applications  such  as  the  Superconducting  Super  Collider. 
Standardized  measurement  techniques  developed  by  NIST  have  saved  time  and  money  and  resulted  in  belter 
communication  among  researchers,  producers,  and  users  of  superconductors.  The  latest  report  on  this  program, 
covering  1988  and  1989,  contains  results  of  critical-current  studies  on  a  large  conductor  Reference  Material,  the 
effect  of  power  supply  current  ripple,  the  measurements  of  large  conductors,  and  an  interlaboratory  comparison  of 
niobium-tin  wires.  It  also  discusses  magnetic  losses  in  multifilamentary  niobium-tin  and  niobium-titanium  wires. 
Development  of  Standards  for  Superconductors,  Final  Report,  January  1988-December  1989  (NISTIR  90-3935)  is 
available. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)487-4600. 

NTIS  order  number:  PB90-196536NAC  ,,^,        . ,,   , 

Price  code:  A07 
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fVIASATech  Brief 


National  Aeronautics  and 

Space  Administration 


Marshall  Space  Flight  Center,  Alabama 


Affinity  Electrophoresis  Using  Ligands  Attached  to  Polymers 

Polymer  molecules  enhance  electrophoretic  separabilities. 


Experiments  tnave  shown  that  neutral,  hy- 
drophilic  polymer  molecules  can  be  cova- 
lently  coupled  to  affinity  ligand  molecules 
to  reduce  the  electrophoretic  mobilities  of 
cells  in  a  specific  and  dose-dependent 
manner  Polyethylene  glycol  was  used  in 
the  experiments,  but  it  is  expected  that 
other  neutral,  hydrophilic  polymers  like 
polyvinyl  alcohol  and  copolymers  of  ethyl- 
ene glycol  and  propylene  glycol  could  also 
be  used. 

The  objective  is  to  electrophoretically 
separate  specific  macronx)lecules,  cells, 
or  other  particles  on  the  basis  of  their 
specific  interactions  with  immunoglobulins 
(immuno-affinity  electrophoresis),  alkyl 
hydrophobic  molecules  (hydrophobic-af- 
finity  electrophoresis),  or  other  ligands  (li- 
gand-affinity  electrophoresis).  In  a  precur- 
sor to  the  new  technique,  reported  in  1981, 
polyethylene-glycol-linked  dyes  that  have 
specific  affinities  for  certain  types  of 
nucleic  acids  were  used  to  carry  out  li- 


gand-affinity  electrophoresis  of  fragments 
of  deoxyribonucleic  acid  molecules. 

In  the  new  technique,  the  reduction  of 
electrophoretic  mobilities  by  the  addition 
of  polyethylene  glycol  to  the  ligands  in- 
creases the  electrophoretic  separabilities. 
In  immuno-affinity  electrophoresis,  this 
modification  of  the  ligands  extends  the 
specificity  of  electrophoretic  separation  to 
particles  that  have  surface  electric-charge 
structures  that  would  otherwise  make 
them  electrophoretically  inseparable.  Fur- 
thermore, the  modification  of  the  anti- 
bodies by  polyethylene  glycol  greatly 
reduces  their  ability  to  aggregate  while 
enhancing  their  ability  to  affect  the  elec- 
trophoretic mobilities  of  ceils,  in  hydro- 
phobic-affinity  electrophoresis,  the  addi- 
tion of  polyethylene  glycol  also  reduces  the 
tendency  toward  the  aggregation  of  cells 
or  macromolecules. 

This  work  was  done  by  James  M.  Van 
Alstine,  Roberts.  Snyder,  J.M.  Harris,  and 


D.E.  Brooks  of  Universities  Space 
Research  Association  for  Marshall 
Space  Flight  Center. 

This  Invention  Is  owned  by  NASA,  and 
a  patent  application  has  been  filed,  in- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Marshall  Space  Flight 
Center.  Refer  to  MFS-26049/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D   Wofford.  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport.  MD  21240,  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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IMASATech  Brief 

Nalional  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Compounds  Generate  Optical  Second  Harmonics 

Large  second-order  nonlinear  susceptibilities  are  observed. 


Newly  synthesized  organic  salts  tnave 
been  found  to  generate  relatively  large 
second-harmonic  signals  when  illuminated 
by  fundamental  signals  in  the  near-infrared 
spectrum.  These  and  other  compounds  that 
have  large  nonlinear  optical  properties 
may  eventually  find  use  in  electro-optical 
modulators,  switches,  and  signal-process- 
ing equipment. 

The  new  organic  salts  have  the  gener- 
al formula  fl(CH  =  CH)„  -  (p  -  C5H4N  - 
CH3)  +X  ",  where  R  can  be  one  of  a  variety 
of  organic  electron-donor  moieties;  n  =  1, 
2,  or  3;  and  X  can  be,  for  example,  Q  ~, 


CF3SO 


BFr,  PF.- 


■CH. 


CH3SO4-,  or  HSO4 


-CgH4S03 


6.P--"3- 

These  compounds 

were  "designed"  to  have  molecular  struc- 
tures that  enhance  second-order  nonlinear 
electric  susceptibilities.  They  are  made  by 
crystallizing,  with  appropriate  counterions, 
organic  ions  that  have  large  molecular 
hyperpolarizibilities.  By  selection  of  the 
species  of  counterions,  one  can  strongly 
affect  the  pacl<ing  of  molecules  and  the 
structures  of  crystals  of  these  molecules. 
The  species  of  counterions  that  yield  struc- 
tures favorable  to  second-order  nonlinear 
susceptibilities  can  be  found  by  experi- 
mentation. 

The  figure  illustrates  the  experimental 
synthesis  of  one  of  the  new  salts.  The  two 
main  ingredients  shown  at  the  top  of  the 
figure  were  reacted  in  methanol  in  the 
presence  of  piperidine  at  a  temperature  of 
60  °C  for  4  hours.  The  product  was  filtered 
and  precipitated  with  diethyl  ether  to  obtain 
a  60-percent  yield  of  the  salt,  shown  at  the 
bottom. 

The  visible-absorption  spectrum  of  this 
salt  includes  a  charge-transfer  band,  the 
middle  wavelength  of  which  is  sensitive  to 


CH3/       \= 


\ 


+      H3C— /        N-CH3      CHs^      "^ 


SO3 


CH3OH 


Q,H 


CH3 


r\ 


S03 


The  Organic  Salt  synthesized  by  this  process  has  the  highest  second-harmonic-generating  A 

efficiency  of  any  compound  tested  thus  far.  ^ 


solvents.  When  the  salt  is  dissolved  in 
acetonitrile,  this  band  lies  at  468  nm;  in 
methanol,  it  lies  at  474  nm.  When  illu- 
minated with  1.907-nm  light  (produced  by 
Raman  shifting,  in  hydrogen,  the  1.064-jim 
light  of  a  neodymium:yttrium  aluminum 
garnet  laser),  a  powder  of  this  salt  exhibited 
a  second-harmonic-generating  efficiency 
1000-2000  times  that  of  a  urea  reference 
standard. 

This  work  was  done  by  Seth  R.  Marder 
and  Joseph  W.  Perry  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

Inquires  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL.  Refer  to 
NP0-1773irrN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mall  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2734 
Technology  Utilization 
t\Agr.  for  J  PL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext  241 
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fWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Licensing 
Opportunity 


Improved  Design  for  Birefringent  Filter 

Highly  selective  laser  tuning  is  achieved  without  thin  plates  of  questionable  optical  quality. 


An  improved  birefringent  filter  has  been 
developed  for  use  with  a  broad-band-emis- 
sion laser;  for  example,  Ti:sapphire,  which 
offers  wide  frequency  tunability.  Such 
broad-band  lasers  are  becoming  popular  in 
scientific  laboratories  and  may  be  useful  in 
military  applications  and  the  separation  of 
isotopes.  For  many  applications,  a  single, 
well-defined  wavelength  within  the  contin- 
uous spectral  output  range  must  be  select- 
ed. The  tuning  ranges  of  current  birefring- 
ent filters  are  limited  by  the  thicknesses  of 
the  thinnest  plates,  which  must  exceed  a 
few  hundred  micrometers  to  maintain 
good  optical  quality  With  the  development 
of  new,  more-widely-tunable  lasers,  these 
filters  are  frequently  inadequate  to  span 
the  entire  tuning  ranges  of  the  lasers.  The 
improved  filter  provides  improved  narrow- 
band operation  and  wavelength  selectivity. 

The  typical  birefringent  filter  consists  of 
several  plates  fabricated  from  optical  ma- 
terial that  exhibits  double  refraction  or 
birefringence.  Polarized  light  incident  on 
one  surface  of  a  single  plate  is  split  into  ordi- 
nary and  extraordinary  components,  which 
travel  at  different  velocities  in  the  material. 
When  these  components  recombine  on 
the  opposite  surface  of  the  plate,  the  net 
difference  between  the  phases  of  the  or- 
dinary and  extraordinary  rays  causes  the 
resultant  beam  to  have  a  different  polar- 
ization. Because  losses  depend  on  angles 
and  polarizations,  the  emerging  light  has 
an  amplitude  different  from  that  of  the  in- 
coming light. 

Wavelength  selectivity  is  possible  be- 
cause the  outgoing  beam  of  light  is  iden- 
tical to  the  incoming  beam  at  some  values 
of  the  net  phase  difference.  A  series  of 
plates  of  different  thicknesses  gives  the 
necessary  flexibility  to  achieve  high  losses 
at  all  but  a  few  wavelengths.  These  highly 
transmitted  wavelengths  are  tunable  by 
variation  of  the  angle  of  the  incoming  beam 
with  respect  to  the  optical  axis  of  the  ma- 
terial. 

The  new  filter  design  improves  the  tradi- 
tional design  by  providing  a  method  of  in- 
creasing the  wavelength  separation  be- 
tween the  highly  transmitted  peaks.  The 
usual  method  of  increasing  this  separation 
is  to  fabricate  thinner  plates.  The  thick- 
nesses of  the  thicker  plates  are  integral 
multiples  of  the  thickness  of  the  thinnest 
plate. 
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The  p-Polarized  Components  of  Light  Transmitted  Through  Filters  are  compared.  The  upper 
curve  is  for  an  Improved  filter  that  consists  of  plates  with  thickness  of  0.5,  0.75,  1.5,  and  4.5 
mm.  The  lower  curve  is  for  a  traditional  filter  made  of  plates  0.25, 0.50, 1.5,  and  4.5  mm  thick. 
The  comparison  shows  that  nearly  identical  selectivity  is  achieved  with  the  improved  filter 
design,  without  the  necessity  of  fabricating  the  0.25-mm  plate. 


The  problem  is  that  optical  qualities  of 
very  thin  plates  are  questionable.  The  solu- 
tion provided  by  the  improved  design  is  to 
fabricate  plates  with  thicknesses  that  are 


not  integral  multiples  of  that  of  the  thinnest 
plate,  but  are  rather  integral  multiples  of 
the  difference  between  the  thicknesses  of 
the  two  thinnest  plates.  To  a  large  extent, 
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the  resultant  wavelength  selectivity  of  the 
improved  device  is  equivalent  to  that  which 
would  be  achieved  in  a  similar  device  that 
has  a  thin  plate  of  thickness  equal  to  this 
difference  between  thicknesses. 

This  work  was  done  by  Clayton  H.  Bair 
of  Langley  Research  Center 


Inquiries  concerning  the  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Langley  Research  Center  Refer  to 
LAR-13a87fTN.       .     -       , 


Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Santos 
Mail  stop  139A 
Hampton.  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mall  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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NIST  Technology  Update     ""^SVe 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

New  VEEL  PC  Program  Offers  Rapid  Access  to  Data 

A  new  personal  computer  (PC)  program  gives  chemists,  environmentalists,  combustion  engineers,  and  researchers 
in  industry  rapid  access  to  all  important  published  information  available  on  the  vibrational  and  electronic  energy 
levels  of  short-lived  molecules  important  to  many  complex  reactions.  The  program  consists  of  two  searchable 
databases  that  contain  experimental  data  on  the  vibrational  fundamentals  of  ground-state  transient  molecules  with  3 
to  16  atoms,  excited-state  transient  molecules  with  3  to  6  atoms,  and  the  electronic  energy  levels  of  transient 
molecules  with  3  to  6  atoms,  along  with  associated  index  and  reference  files.  Search  paths  are  available  by 
molecule  (formula  or  Chemical  Abstract  Service  registry  number),  by  transition  wavenumber  (vibrational 
fundamental  or  electronic  band  origin),  and  by  wavelength  range  for  electronic  transitions. 

FOR  ADDITIONAL  INFORMATION:  To  order  NIST  Vibrational  and  Electronic  Energy  Levels  of  Small 
Polyatomic  Transient  Molecules  Database  (VEEL),  Standard  Reference  Database  26,  contact  Standard  Reference 
Data  Program,  A323  Physics  Bldg.,  NIST,  Gaithersburg,  Md.  20899;  301/975-2208. 
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Technology  Application 


Solar  Energy  Research  Institute 

Device  Allows  Inexpensive  and  Quick  Measurement  of 
Magnetic  Fields 


Difficult  problems  sometimes  have 
simple  solutions.  That's  the  case  with 
measuring  the  special  magnetic 
properties  of  superconducting 
materials — valuable  information  that 
can  be  used  to  improve  the  efficiency 
of  transmission  lines,  motors,  gener- 
ators, and  other  energy-related 
technologies. 

Using  an  innovative  device  called  a 
mutual  inductor,  which  consists  of  a 
drive  coil  and  a  nearby  pickup  coil, 
researchers  can  now  measure  mag- 
netic properties  to  determine  how 
much  of  a  test  material  conducts 
electricity  without  loss.  This  simple 
device  has  distinct  advantages  over 
commercially  available  instruments 
for  measuring  magnetic  fields:  it  is 
inexpensive  and  permits  rapid  testing 
of  numerous  samples. 

The  test  sample  is  placed  between 
the  two  coils.  When  an  oscillating 
electric  current  passes  through  the 
drive  coil,  it  generates  a  magnetic 
field  that  induces  a  signal  in  the  pick- 
up coil.  At  temperatures  warmer 
than  -274°F,  the  material  does  not 
superconduct  and  the  magnetic  field 
passes  unhindered  through  the 
sample.  At  colder  temperatures,  the 
material  becomes  superconducting 
and  blocks  the  magnetic  field.  The 
signal  in  the  pickup  coil  is  then 


Drive  coil 


Pickup  coil 


Test 
sample 


Reference 


Oscillator - 


Lock-in 
detector 


SERI's  mutual  inductor  reueals  the 
magnetic  properties  of  superconductors. 
An  electric  current  is  passed  through 
the  drive  coil,  generating  a  magnetic 
field  that  induces  a  signal  in  the  pickup 
coil.  When  in  a  superconducting  state,  a 
test  sample  will  block  the  magnetic  field 
and  alter  the  signal. 


reduced. 

Studies  of  how  well  the  sample 
blocks  the  magnetic  field  and  how 
this  blocking  changes  with  tempera- 
ture yield  valuable  information  on 
superconducting  properties. 

Contact;    Lorenzo  Roybal 
(303)231-1389 


Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 
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Technology  Application 


Oak  Ridge  National  Laboratories 
Bulletin  Number  701 


MHP-1  Barrel  Ellipsoid  Infrared  Inspection  Accessory 


Key  words:  Diffuse  reflectance;  Fourier  transform 
infrared  spectrometer;  infrared  inspection 
accessory;  barrel  ellipsoid;  nondestructive 
evaluation 

The  MHP-1  barrel  ellipsoid  infrared  inspection 
system  is  a  diffuse-reflectance  and  an  emission 


accessory  for  a  Fourier  transform  infrared 
spectrometer  (Fig.  1).  The  MHP-1  extends 
the  powerful  analytical  capabilities  of 
diffuse-reflectance  and  emission  infrared 
spectroscopy  to  the  manufacturing  and  research 
environments.  It  has  much  to  contribute  to  the 
modern  concepts  of  automated  processing, 
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Fig.  1.  A  cutaway  view  of  the  MHP-1  barrel  ellipsoid  inspection  accessory  showing  the  beam  path, 
sample  location,  mirrors,  and  detector. 
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explicit  certification  of  products,  and  statistical 
certainty  in  analyses^ 

The  MHP-1  is  not  limited  by  sample  size  as  long 
as  the  sample  is  flat  or  convex,  and  it  can  be  used 
in  environmentally  controlled  areas  (such  as  a 
glove  box  or  a  production  line)  to  monitor  chemical 
composition  over  time,  across  a  surface,  or  from 
sample  to  sample.  Also,  it  can  obtain  infrared 
diffuse-reflectance  spectra  that  have  spectral 
quality  better  than  sample-compartment 
accessories,  while  eliminating  the  delays  normally 
caused  by  purge  time  between  samples. 

The  MHP-1  can  be  applied  to  a  broad  range  of 
materials  and  analyses 

•  to  monitor  the  curing  and  aging  of  adhesives 
and  plastics: 

•  to  determine  the  moisture  content  of  plastics 
and  ceramics; 

•  to  determine  impurities  in  ceramic  materials; 

•  to  determine  contamination  of  solid  surfaces 
by  oils  (Fig.  2).  silicones,  and  dust; 

•  to  analyze  coal;  and 

•  to  analyze  thin  films  of  organics,  ceramics,  and 
glasses. 

Because  of  its  unique  design,  the  MHP-1  has  a 
collection  efficiency  four  times  that  of  conventional 
diffuse-reflectance  accessories,  its  versatile 
optical-transfer  tube  system  can  be  arranged 
(with  mirrors,  elbows,  and  tees)  to  support  more 
than  one  detector.  With  modifications  to  the 
optical-transfer  tube  system  and  the  spectrometer, 
the  parabolic  mirror  in  the  barrel  ellipsoid  becomes 
an  emission  collector  for  the  spectrometer  that  can 
measure  the  total  emission  from  a  specimen. 
A  specular  reflectance  attachment  for  the 
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Fig.  2.  The  diffuse  reflectance  spectra  of  vegetable 
oil  and  mineral  oil  residues  on  textured  aluminum 
metal  after  extensive  efforts  to  remove  the  oils  with 
dry  tissue  paper.  The  difference  spectra  shows  the 
ester  contribution  to  the  mineral  oil  spectra  at 
1650  cm  '  and  below,  and  the  degree  of  unsaturation 
of  the  vegetable  oil  is  apparent  from  the  small 
hydrocarbon  peak  just  above  3000  cm  \ 

optical-transfer  tube  system  is  being  developed; 
other  sample-compartment  accessories  such  as 
internal-reflectance  liquid  cells  can  be  adapted  to 
this  system. 

G.  L.  Powell,  The  MHP-1  Barrel  Ellipsoid  Infrared 
Inspection  Accessory.  Y/DZ-453.  Oak  Ridge  Y-12  Plant 
(December  2,  1988). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems.  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192:  FTS  624-4192 

Harrick  Scientific  Corporation.  Inc. 
P.  O.  Box  1288 
Ossining,  NY  10562 
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Telephone:  (914)762-0020 
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Photon  Scanning  Tunneling  Microscope 


Key  words:  Optical  microscope:  scanning 
tunneling  microscope;  nondestructive  evaluation; 

noncontact  imaging:  microlithography 


The  photon  scanning  tunneling  microscope 
(PSTM)  IS  the  optical  analog  of  the  electron 
scanning  tunneling  microscope.  Its  resolution  is 
an  order  of  magnitude  greater  than  that  of 
conventional  optical  microscopes,  and  it  can  be 


adapted  for  a  number  of  other  uses.  This 
instrument  is  an  economical  package  of  proven 
and  reliable  technologies  and  is  a  practical, 
affordable  tool  for  many  R&D  and  industrial 
applications  (Fig.  1). 

The  PSTM  fills  a  void  in  the  field  of  microscopy 
created  by  the  limitations  of  both  optical  and 
electron  microscopes.  It  provides  vertical  as  well  as 
horizontal  topographic  information,  producing  fully 
three-dimensional  images  (unlike  either 
conventional  optical  microscopy  or  electron 


Fig.  1.  The  plioton  scanning  tunneling  microscope. 
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microscopy).  It  can  be  used  on  dielectrics  and 
fragile  biological  samples  because,  unlike  electron 
microscopes,  it  does  not  depend  on  the 
conductivity  of  tfie  sample  and  does  not  require  an 
evacuated  sample  chamber.  In  addition,  resolution 
and  applications  of  the  PSTM  could  be  extended 
by  using  extreme  UV  and  X-ray  light  sources:  use 
of  X  rays  would  endow  the  PSTM  with  atomic 
resolution. 

When  the  PSTM  is  operating,  a  low-  to 
medium-power  laser  beam  is  passed  through  a 
prism  at  a  critical  angle,  producing  an  evanescent 
electrical  field.  The  evanescent  field  is  modulated 
by  a  sample  placed  within  it.  causing  spatial 
variations  in  the  field  intensity  at  a  given  height 
above  the  sample  surface.  The  sharpened  tip  of 
an  optical  fiber  probe  is  rastered  within  this  field, 
and  photons  "tunnel"  through  the  region  between 
the  tip  and  sample  and  are  collected  by  a 
detection  system.  Data  from  the  photons  are 
then  interpreted  by  electronic  imaging 
equipment  (Fig.  2). 

The  PSTM  can  be  applied  in  a  variety  of  ways 
other  than  optical  microscopy.  For  example,  it 
could  be  used  in  microlithography  to  produce 
very  fine  scale  patterns  for  X-ray  optical 
elements  and  products  imiportant  to  the 
microelectronics  industry.  Analytical  techniques 
such  as  Raman  spectroscopy  and  absorption 
spectroscopy  could  be  applied  on  a  finer  scale 
than  previously  possible.  In  situ,  real-time 
observation  of  microbiological  reactions  and 
processes  would  be  possible  because  of 
increased  scan  rates. 


i 


Fig.  2.  PSTM  image  of  a  polished  quartz  surface 
(13,000X).  The  structure  seen  in  this  image  would  be 
invisible  to  other  optical  microscope  systems. 


R.  C.  Reddick,  R.  J.  Warmack,  and  T.  L.  Ferrell, 

"  New  Form  of  Scanning  Optical  Microscopy.'  Phys.  Rev. 

639(1),  767-70  (January  1.  1989). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 
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Measuring  Concentration  of  Ozone  Automaticaliy 

An  airborne  photometer  measures  absorption  of  ultraviolet. 


A  ptnotometer  automatically  measures 
ozone  concentrations  in  the  atmosphere  to 
an  accuracy  within  10  parts  per  biiiion.  The 
compact,  lightweight,  low-power  instru- 
ment was  developed  for  use  on  a  high-alti- 
tude research  airplane. 

The  instrument  shines  ultraviolet  light  at 
a  wavelength  of  253.7  nm  from  a  mercury 
lamp  through  a  sample  of  air  in  a  chamber 
(see  figure).  The  light  impinges  on  a  vacu- 
um phototube  (the  sample  detector),  the 
electrical  output  of  which  decreases  with 
increasing  concentration  of  ozone  and  the 
consequent  increases  in  absorption  of  the 
ultraviolet  light  in  the  sample.  An  electro- 
meter circuit  processes  the  output  of  the 
phototube. 

Air  flows  into  the  instrument  from  a 
probe  on  the  outside  of  the  airplane.  An  in- 
let valve  admits  the  air  once  the  airplane 
has  attained  an  altitude  of  1,500  m,  where 
there  is  little  chance  of  ingestion  of  air- 
borne debris.  A  transfer  valve  switches  the 
airflow  alternately  between  the  measure- 
ment chamber  and  a  scrubber  chamber  in 
which  manganese  dioxide  removes  ozone 
from  the  air  Scrubbed  and  ozone-laden 
samples  thus  enter  the  chamber  alternate- 
ly The  instrument  uses  the  scrubbed  sam- 
ples to  compensate  for  variations  in  consti- 
tuents other  than  ozone. 

A  beam  splitter  diverts  parts  of  the  ultra- 
violet beanri  as  it  leaves  the  mercury  lamp. 
A  second  vacuum  phototube  (the  refer- 
ence detector)  measures  the  diverted 
beam,  which  does  not  pass  through  the 
sample  chamber  The  output  of  this  photo- 
tube is  used  to  compensate  for  variations 
in  the  intensity  of  light  emitted  by  the  lamp. 
Both  phototubes  are  "solar  blind"  devices. 
They  do  not  respond  to  visible  radiation,  but 
only  to  a  narrow  wavelength  band  between 
160  and  320  nm.  There  is  therefore  no 
need  for  extensive  filtering  of  external  light. 

A  microprocessor  controls  timing  and 
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Air  Collected  Outside  the  airplane  enters  the  photometer  by  way  of  the  transfer  valve.  The 
pressure  and  temperature  of  the  air  are  measured  simultaneously  with  the  transmissivity  of 
the  air  to  ultraviolet  light  from  the  lamp.  The  instrument  has  a  mass  of  20.5  kg  and  fits  in  an 
aluminum  box  measuring  78  by  58  by  25  cm. 


the  acquisition  of  data.  A  random-access 
memory  backed  by  a  battery  stores  data 
on  the  transmission  of  ultraviolet  through 
the  samples,  on  temperature,  on  pressure, 
and  on  navigation  of  the  airplane.  An  ex- 
periment can  last  as  long  as  8  hours.  When 
the  airplane  lands,  the  data  are  transferred 
to  a  portable  computer 

A  single-txDard  computer  in  the  instru- 
ment simultaneously  calculates  the  con- 
centration of  ozone  in  real  time  (but  with 
less  resolution).  This  value  is  displayed  on 
an  analog  meter  in  the  cockpit  to  guide  the 
pilot  in  seeking  regions  of  various  concen- 


trations of  ozone. 

This  work  was  done  by  Joseph  R. 
Lavelle  of  Ames  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
Tt\/I-100064  [N88-21404],  Price  Code:  A03 
"An  Automated  Ozone  Photometer." 

Copies  may  be  purchased  from  the  Na- 
tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  plac- 
ed for  an  extra  fee  by  calling  (800) 
336-4700 
ARC-12230/TN 


FOR  ADDITIONAL  INFORiVlATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240.  (301)  621-0100  Ext.  241 
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Transportation  &  Components 


0921  Compact  Analyzer/Controller  for  Oxygen-Enrichment  System — This 
system  controls  hypersonic  air-breathing  engine  tests. 

0922  Stochastic  Feedforward  Control  Technique — A  class  of  commanded 
trajectories  is  modeled  as  a  stochastic  process. 

Other  Items  of  Interest 

0872     Air-Velocity  Sensor  for  Helicopter — The  speed  and  direction  of  motion 
are  measured  accurately,  even  when  the  speed  is  low. 
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Compact  Analyzer/Controller  for  Oxygen-Enrichment  System 

This  system  controls  hypersonic  air-breathing  engine  tests. 


An  Oj-enrichment  system  was  needed 
for  NASA  Langley  Research  Center's  new 
8-ft  {2.4-m)  High-Temperature  Tunnel  (8' 
HTT),  which  will  be  used  for  testing  hyper- 
sonic air-breathing  engines.  To  test  this 
system,  a  compact  analyzer/controller  has 
been  developed,  built,  and  tested  in  a 
small-scale  wind  tunnel  that  is  a  prototype 
of  the  8'  HTT 

The  atmosphere  in  the  system  is  sam- 
pled through  a  specially  designed  probe 
and  transported  to  a  platinum-coated  zir- 
conia  cell  kept  at  a  temperature  of  800  °C. 
This  cell  produces  a  voltage  proporlional  to 
the  difference  between  the  Oj  contents  of 
the  gases  on  the  two  faces  of  the  cell.  Air  is 
used  as  the  reference  gas. 

The  sampling  probe  is  cooled,  thus  cool- 
ing the  sample  gas  and  necessitating  an  in- 
line heater  to  bring  the  sample  back  up  to 
300  to  800  °C  to  improve  the  response  of 
the  sensor.  In  addition,  a  compressor  is 
used  to  increase  the  flow  of  the  sample  to 
about  6,000  to  8,000  cm^/min  and  to  raise 
simultaneously  the  pressure  of  the  gas 
sample.  A  vent  to  the  atmosphere  is  provid- 


ENGINE  TEST  IN  WIND  8-lt  HTT 


ed  to  ensure  that  the  sample  is  at  atmos- 
pheric pressure  when  it  arrives  at  the  face 
of  the  cell.  This  arrangement  keeps  the 
pressure  constant  across  the  zirconia  cell 
and  allows  the  use  of  relatively  simple 
equations  to  calculate  the  Oj  content  of 
the  sample  gas. 

The  result  of  a  typical  run  is  shown  in  the 
upper  right  portion  of  the  figure.  When  the 
wind  tunnel  is  started  with  air,  the  continu- 
ous-immersion probe  displays  the  20.95- 
percent  O2  content  of  air.  The  accuracy  of 
the  readout  is  about  1.0  percent.  The  sen- 
sor reading  is  updated  every  0.2  second, 
making  the  systemi  capable  of  essentially 
real-time  control  of  the  liquid-oxygen  valve. 
The  response  time  of  the  detector  is  only 
about  30  ms,  but  the  total  response  time  of 
the  system  is  about  200  ms,  achievable 
with  short  lengths  of  the  probe-to-detector 
line. 

When  combustion  is  established,  the  Oj 
content  drops  rapidly  to  5  percent  or  less. 
The  system  is  brought  to  a  stable  total 
pressure  and  temperature,  with  typical 
values  of  800  to  2,000  psia  (5.5  to  14  MPa 
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TEST  OF  Oj  ANALYZER  IN  Tin   HTT 


The  Compact  Analyzer/Controller  rrionitors  the  level  of  oxygen  and  controls  the  ad- 
dition of  liquid  oxygen  to  enrich  the  atmosphere  for  combustion. 


absolute)  and  3,000  to  3,500  °R  (1,700  to 
1,900  K),  respectively  The  system  for  the 
addition  and  control  of  liquid  oxygen  is  then 
brought  on-line,  and  the  Oj  content  rapidly 
rises.  The  addition  of  liquid  oxygen  is  con- 
trolled manually  and  then  switched  to  the 
automatic  preset  or  closed-loop  control  to 
bring  the  Og  content  to  the  desired  level  of 
20.95  percent,  simulating  air. 

The  control  of  the  system  is  remarkably 
stable,  with  very  little  overshoot,  thus  mini- 
mizing the  time  required  before  the  engine 
could  be  inserted  in  the  test  medium.  To 
determine  fully  the  stability  and  controlla- 
bility of  the  system,  preset  values  of  O, 
content  greater  and  less  than  that  of  air 
were  tried  with  equally  good  results  and 
without  any  abnormality  in  the  control. 

The  prototype  system  has  been  thoroughly 
tested  and  will  serve  as  the  basis  for  a 
similar  system  for  use  in  ihe  full-scale  8' 
HTT.  For  the  full-scale  system,  control  will 
be  managed  by  a  high-speed  computer 
and  control  system  with  all  of  the  logic  and 
controls  emanating  from  the  computer,  ex- 
cept for  an  emergency  manual  override. 
The  incorporation  of  an  automatic  oxygen 
control  in  the  8'  HTT  will  ensure  mean- 
ingful ground  tests  of  hypersonic  engines 
in  the  range  of  speeds  from  mach  4  to 
mach  7. 

This  work  was  done  b/  Richard  L  Puster, 
Jag  J.  Singh,  and  Danny  R.  Sprinl<le  of 
Langley  Research  Center.  Further  infor- 
mation may  be  found  in: 

NASA  TP-2218  [N84-n460].  Price 
Code:  A03  '  'Proposed  Fast  Response 
Oxygen  Monitohng  and  Control  System 
for  Langley  8-Foot  High  Temperature 
Tunnel," 

NASA  TP-2351  [N86-20753J.  Price 
Code:  A02  "New  Method  for  Determin- 
ing Heats  of  Combustion  of  Gaseous 
Hydrocarbons,"  and 

NASA  TP-2682  [N87-20514].  Price 
Code:  A02  'A  Simplified  Method  for 
Determining  Heat  of  Combustion  of 
Natural  Gas." 

Copies  may  be  purchased  [prepay- 
ment required]  from  the  National 
Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700  LAR-14016/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext  241 
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Stochastic  Feedforward  Control  Technique 

A  class  of  commanded  trajectories  is  modeled  as  a  stochastic  process. 


The  Advanced  Transport  Operating  Sys- 
tems (ATOPS)  research  and  development 
program  conducted  by  NASA  Langley  Re- 
search Center  is  aimed  at  developing  ca- 
pabilities for  increases  in  the  capacities  of 
airports,  safe  and  accurate  flight  in  ad- 
verse weather  conditions  including  shear 
winds,  the  avoidance  of  wake  vortexes, 
and  reduced  consumption  of  fuel.  Advanc- 
es in  techniques  for  the  design  of  modern 
controls  and  increased  capabilities  of 
digital  flight  computers  coupled  with  ac- 
curate guidance  information  from  the  Mi- 
crowave Landing  System  (MLS)  make  the 
achievement  of  some  of  these  goals  feasi- 
ble. The  stochastic  feedforward  control 
technique  was  developed  within  the  con- 
text of  the  ATOPS  program. 

The  main  objective  of  a  control  law  is  to 
enable  a  dynamic  system  to  track  a  desired 
or  commanded  trajectory  selected  from  a 
given  class  of  trajectories  as  closely  as 
possible  in  the  presence  of  random  and  de- 
terministic disturbances  and  despite  un- 
certainties about  the  system.  The  feedfor- 
ward controller  tries  to  track  the  desired  or 
commanded  trajectory,  whereas  the  feed- 
back controller  tries  to  maintain  the  state  of 
the  plant  near  the  desired  trajectory 


Modern  control  theory  has  concentrated 
more  attention  on  the  important  feedback 
control  problem,  while  the  feedforward 
control  problem  has  received  less  atten- 
tion. 

The  feedforward  control  problem  is  for- 
mulated as  a  stochastic  optimization  prob- 
lem and  is  embedded  into  a  stochastic  out- 
put feedback  problem  in  which  the  plant 
contains  unstable  and  uncontrollable  modes. 
As  the  standard  output  feedback  algorithm 
requires  an  initial  gain  that  stabilizes  the 
plant,  a  new  algorithm  was  developed  to 
obtain  the  feedforward  control  gains. 

The  formulation  of  the  feedforward  prob- 
lem in  a  stochastic,  rather  than  the  stand- 
ard deterministic,  setting  is  significant  in 
two  ways.  First,  the  class  of  desired  trajec- 
tories from  which  the  actually  commanded 
path  is  selected  can  be  effectively  de- 
scribed as  a  random  process  generated  by 
a  dynamical  system  driven  by  a  white-noise 
process.  The  second,  and  more  important, 
implication  of  a  stochastic  optimization 
formulation  is  the  tacit  understanding  that 
"perfect  tracking"  is  often  not  possible  for 
various  reasons,  including  (a)  uncertainties 
about,  or  variations  in,  the  parameters  of 
the  plant  (b)  the  nonlinearities  in  the  plant. 


and  (c)  unmatched  initial  conditions.  The 
necessary  conditions  have  been  shov\/n  to 
result  in  coupled  linear  matrix  equations 
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